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COLORADO  RIVER  '  AEB  FORECAST  COM -I  TIDE 
FIF  TH  ANNUAL  MEE  TING 

.  ROOM  1006,  ST.  ATE  BUILDING,  LOS  ANGELES,  C  ELI  FORM!  A 

A  HU  L  15,  1949 


The  Meeting  was  called  to  order  at  9:30  A.  M.  by  Chairman  R.  A.  Mork. 

CHE  J  .CiiW  R.  A.  ,OAK:  Gentlemen,  the  fifth  annual  meeting  of  the  Colo¬ 

rado  River  Mater  Forecast  Committee  will  please  come  to  order.  It  is  a 
privilege  to  be  able  to  act  as  your  Chairman  this  morning  at  the  request 
of  Mr.  Stockwell*  I  know  it  will  be  a  distinct  disappointment  to  you  when 
I  have  to  advise  you  that  Hr.  Stockwell  advised  us  yesterday  that,  due  to 

major  illness  in  his  family,  he  would  be  unable  to  be  with  us  this  morning* 

The  first  speaker  on  our  program  this  morning  will  be  Mr.  John  H* 
Gardiner,  District  Engineer  of  the  United  States  Geological  Survey  at  Tuc¬ 
son  Arizona.  I  take  pleasure  in  introducing  Mr.  Gardiner. 

M.c  JOHN  H.  GARDINER:  Mr.  Chairman  and  Members  of  the  Committee: 

This  paper  I  have  is  very  brief.  It  is  just  factual  information  on  the 
Flow  of  tho  Colorado  niver  during  the  1948  Season.  *  e  attempted  to  relate 
the  first  six  months  of  this  year,  but,  as  I  explain  in  this  paper,  that 
didn't  work  out  so  v;ell.  I  will  just  read  this  to  you  and  give  the  fig¬ 
ures  as  I 'go  along.  The  normal  run-off  referred  to  in  our  figures  is  the 
median  run-off  for  the  twenty-five  year  period  of  1920-1945. 

Mr.  Jehn.H.  Gardiner  then  read  the  paper  entitled  "Flow  of  the  Colo¬ 
rado  Rivor  during  tho  1948  Season. ",  See  page  32. 

CMil  .iMAN  ’"OAK:  Thank  you  very  much,  Mr.  Gardiner.  -r.  Gardiner  has 
given  us,  now,  a  springboard,  so  as  to  speak.  He  has  given  us  some  values 
as  to  the  average  or  normal  flow  of  the  Colorado  which  may  be  used  as  a 
kind  of  yard-stick  to  which  other  estimates  can  be  compared.  I  would 
like  to  know  if  there  is  any  discussion  before  wo  pass  on.  (None) 

Before  passing  on  to  tho  next  paper  on  the  program  I  would  like  to 
introduce  to  you  Mr,  Blanc y  who  gave  Mr.  Stockwell  very  valuable  assis¬ 
tance  in  the  arrangement  of  the  program  and  in  securing  these  local  arrange 
ments  for  us. 

MR.  HARRY  F.  BLANEY:  I  have  nothing  to  say  except  that  I  want  to 
thank  tho  representatives  of  tho  Southern  California  Edison  Company,  the 
City  of  Los  Angelos,  Deportment  of  MEvtcr  and  Powo r,  the  Metropolitan 
Water  District  of  Southern  California,  tho  California  State  Division  of 
"7a tor  resources,  and  others  for  their  cooperation  in  making  this  meeting 
possible.  Representatives  of  some  local  organizations  are  unable  to 
attend  this  meeting  because  they  are  attending  hearings  in  Washington,  D.C. 

CHAIRMAN  '  'QitK:  In  Mr.  Stockwell 's  absence,  I  will  read  tho  paper 
that  he  has  prepared,  describing  the  scope  of  the  Snow  Survey  Program  on 
the  Colorado  Aver  Basin. 
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..Chairman  Vorlc  then  road  tho  paper  "Snow  Survey  Program  on  tho 
Colorado  River  Basin"  by  Mr.  H.J.  Stockwcll.  Soo  page  54a 

CHAILMAN  ".O.JC:  That  constitutes  Mr.  Stockwcll 's  Progress  koport  to 
this  Committee,  Arc  there  any  questions  or  comments,  particularly  from 
the  Bureau  of  declamation? 

Mk.  HAkVIN  DIAMOND:  (U.  S.  Bureau  of  Reclamation)  I  might  suggest 
at  this  time  that  in  regard  to  the  establishment  of  some  of  the  new  courses 
with  the  courses  that  they  are  planning  on  discontinuing  so  that  in  that 
case  wc  can  have  some  hope  of  continuing  the  snow  record  of  that  particular 
locality.  Otherwise,  wo  may  lose  tho  complete  value  of  the  thirteen  years 
that  wo  have  now. 


CHiil .uIAN  AOA{:  You  mean  by  that,  Mr.  Diamond,  that  tho  courses 
should  be  measured  simultaneously? 

MR.  DIAMOND:  Yes,  especially  for  a  year  or  two,  or  maybo  throe. 

It  is  hard  to.  say  right  now  how  long  wo  might  have  to  measure  them  to  get 
some  sort  of  overlapping  record  between  them  so  wo  can  convert  tho  discon- 
tinued  snow  course  into  tho  new  snow  course,  but  some  effort  should  be 
made  on  that  part. 

Mk.  J.  '7.  STANLEY ;  (Bureau  of  Reclamation)  Mr.  Chairman,  you  made 
ono  comment  about  February  1st  measurements.  ”"o  realize,  of  course,  the 

many  difficulties  in  getting  tho  measurements  on  February  1,  as  well  as  on 

the  other  dates,  but,  remembering  that  tho  snow  record,  after  all,  is 
only  about  thirteen  years  in  length,  it  seems  that  wc  probably  are  a  long 
way  from  the  final  method  in  forecasting  from  snow  courses,  and  it  is  a 
little  difficult  to  conclude  at  this  time  that  there  won’t  be  a  value 
from  February  1  measurements  in  combination  with  other  dates  or  with 
other  data.  That,  I  think,  is  the  reason  we  have  rather  wished  that  the 
February  1  measurements  will  be  continued.  "To  don't  believe  wc  have  gone 
far  enough  yet  to  say  definitely  that  they  aren’t  going  to  be  worth  any¬ 
thing. 

CH/il  il!AN  YORK:  Thank  you,  Mr.  Stanley.  Your  point  of  view,  Mr. 

Stanley,  would  be  that  snow  surveyors  ,  wo  might  say,  act  as  bookkeepers 

of  the  water  balance,  and  should  keep  current  records  which  will  serve  tho 
needs  of  all  water  users  on  that  watershed.  In  tho  case  of  multiple  use 
reservoirs,  you  require  a  running  inventory  at  all  times,  do  you  not,  of 
the  probable  inflow  to  that  reservoir? 

MR.  STANIEY:  I  think  that  expresses  it  rather  well,  yes.  Of  course 
with  precipitation  records,  wc  can  get  a  look  at  tho  outlook  even  earlier 
than  with  the  snew  record,  but  it  seems  that  until  we  are  pretty  sure  that 
the  February  first  measurements  are  going  to  bo  valueless,  wc  should  make 
an  effort  to  continue  them.  That  is  the  way  wo  sec  it  at  present. 

CHAIRMAN  'YORK:  'To  are  glad  to  get  these  sentiments  from  the  group, 
and  I  know  Mr.  Stockwcll  mil  pay  close  attention  to  the  recommendations 
of  this  group,  too.  Is  there  further  discussion  on  that  point?  (None). 

The  next  paper  on  the  program  is  a  brief  resume  of  Snow  Cover  Con¬ 
ditions  in  Utah.  This  will  bo  tho  first,  new,  of  several  papers  dcs- 
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cribing  snow  cover  conditions  as  they  now  oxist  through  tho  basin.  This 
discussion  will  be  presented  by  Don  Mitchell,  Engineer  of  the  Division  of 
Irrigation,  Soil  Conservation  Service,  Logan,  Utah.  Hr.  Mitchell  is  in 
charge  of  snow  surveys  in  Utah,  Mr.  Mitchell 

..Mr.  Don  Mitchell  then  presented  his  paper  on  Snow  Cover  Conditions 
in  Utah.  Sec  page  36  . 

CHAIIiMAN  '.70  k  K :  If  there  are  no  questions,  wo  will'  proceed  to.  a 
resume  of  Snow  Cover  Conditions  in  Arizona  and  in  Nevada,  to  be  presented 
by  Clyde  Houston,  Irrigation  Engineer  of  the  Division  of  Irrigation,  Soil 
Conservation  Service,  Itcno  Nevada.  Mr.  Houston 

..Hr.  Clyde  S.  Houston  then  presented  his  paper  entitled  "Snow 
Cover  Conditions  in  Arizona  and  Neva  da.”.  Sec  page  37. 

CHAIRMAN  7.0  AKk  Thank  you,  Mr.  Houston.  The  snow  survey  work  in 
Arizona  and  Nevada  has  been  under  the  direction  of  Hr.  Houston  for  some 
time,  but  beginning  this  next  season  there  will  bo  a  division  of  respon¬ 
sibility*  Mr.  Houston  will  continue  in  charge  of  the  snow  survey  in  Nev¬ 
ada,  but  the  Arizona  survey  work  mil  be  directed  by  Mr.  Burke  Peterson® 
Burke  is  an  employee  of  the  Division  of  Irrigation  and  Soil  Conservation 
Service  stationed  at  Phoenix,  Arizona.  He  are  going  to  call  on  you,  Mr. 
Peterson,  to  present  a  statement  of  Snow  Cover  Conditions  in  Hyoming  on 
behalf  of  Mr,  Bishop,  State  Engineer  of  Ayoming,  who  was  unable  to  be  hero 
this  morning,  I  take  pleasure^  in  introducing  Mr.  Burko  Peterson* 

..Mr.  Burke  Peterson  then  read  tho  report  "Snow  Cover  Conditions. in 
Myoming"  prepared  by  Mr.  L.  C.  Bishop.  Soe  pago  38  • 

CHAIRMAN  7,0  kK:  Thank  you  very  much,  Mr.  Peterson.  Arc  there  any 
comments  on  that  presentation?  (None)  Pe rhaps  it  would  be  a  good  plan  to 
reserve  discussion  on  this  phase  of  the  program  until  wc  get  all  our  infor 
mation  in  on  the  snow  cover. 

In  Mr.  Stbckwell’s  absence,  Mr,  Mitchell  is  going  to  give  a  brief 
resume  of  Snow  Cover  Conditions  in  Coloro.do  and  extreme  northwestern  New 
Mexico,  and  then  I  mil  call  on  Mr.  Harry  Potts  tc  supplement  Mr.  Stock- 
wo  1 1  ’  s  s  ta tement , 

..Mr.  Don  Mitchell  then  presented  Mr.  Stockwcll.’s  paper  on  "Snow 
Cover  Conditions  in  Colorado."  See  pago  3S  . 

CHxI  iMAN  HOItK:  Thank  you  very  much  Mr.  Mitchell.  "7c  havo  a  letter 
from  John  Bliss  indicating  that  he  will  be  unable  to  get  to  this  meeting, 
but  I  believe  the  information  Mr.  Bliss  might  have  brought  to  us  has  been 
covered  by  Don’s  presentation  for  Colorado. 

Before  going  on,  now,  into  a  statement  for  California,  I  am  going 
to  ask  Harry  Potts  to  give,  us  the  benefit  both  of  his  personal  observa¬ 
tions  in  Colorado  and.  of  any  other  reports  that  may  havo  come  in  to  him. 
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MIL  HAIxJjlY  POTTS:  You  re 'for  principally  to  snow  cover,  I  presumo* 

CHAIitMAN  M’QuK:  Snow  cover  or  soil  moisture  conditions,  or  any  other 
information  you  may  care  to  present. 

Hit.  POTTS:  I  think  that  from  what  I  have  noticed  in  regard  to  the 
snowfall  through  Colorado,  it  is  normal  or  a  little  bettor,  in  most  cases.’ 
On  the  South  Platte,  where  I  am  principally  interested  in  the  pack,  the 
pack  is  about  normal,  slightly  above  what  we  had  last  year.  On  the  head¬ 
water  of  the  Fraser,  it  is  about  115  or  120  per  cent  of  normal.  Of  course 
the  February,  March  and'  April  measurements,  in  my  opinion,  don't  mean  a 
great  deal  to  us.  It  is  really  the  May  1st  measurements  that  toll  us  the 
story,  because  in  most  cases  we  get  about  sixty  per  cent  of  the  snowfall 
between  February  1st  and  the  1st  of  May.  In  consequence,  I  don't  start 
my  photographic  survey  until  the  first  of  May. 

It  appears  that  we  are  going  to  have  a  little  better  than  normal, 
although  conditions  woro  pretty  serious  until  wo  had  the  January  storm. 

In  February  we  had  nothing  in  the  vicinity  of  Denver,  but  March  did  pretty 
well  for  us  and  it  is  considerably  above  normal  in  precipitation  for  tho 
year.  Thank  you. 

CHAI  MAM  MOYK:  Thanks  very  much  Harry.  Mr.  Paget  is  unable  to  bo 
hero,  but  Mr.  H.  C.  Kelly,  Senior  Hydraulic  Engineer  of  the  'later  _vo sources 
Branch  of  the  State  of  California  has  kindly  agreed  to  prosont  for  us  a 
picture  of  conditions  in  California,  Mr.  Kelly. 

..  Mr.  H.  C.  Kelly  then  presented  the  paper  entitled  "Snow  Conditions 
in  California”.  See  page  40. 

CHAIIIK/JJ  ~.70j.iK:  Thank  you,  Mr.  Kelly.  V/e  will  throw  this  meeting 
open  for  general  discussion  now.  I  think  something  that  we  might  discuss 
profitably,  would  bo  the  effect  upon  runoff  of  this  possible  lack  of  soil 
moisture*  I  would  like  to  ask  the  gentlemen  from  tho  'leather  Bureau,  Mr. 
Lamorcaux,  Mr.  Hupp,  or  Mai  ter  V, 11s  on  if  they  would  like  to  advance  any 
thoughts  along  that  line. 

Mil  VEIlNOH  "A  AUPP:  I  don't  believe  I  would  be  prepared  at  the  pre¬ 
sent  time  to  give  any  detailed  discussion  on  that.  I  think  Mr.  Ml Is  on  is 
connected  with  the  Laboratory  and  might  be  able  to  give  us  something  on 
that,  or  at  least  indicate  something  on  it. 

Mu  MALTEl  MIIS OK:  I  am  reluctant  to  make  any  general  statement.  One 
of  the  things  I,  personally,  have  learned  the  last  few  years  about  studying 
snow  is  tho  danger  of  general  statements,  and  I  am  speaking  cf  the  groat 
difference  between  basins,  and  also  the  differences  from  one  portion  of  the 
basin  to  another. 

In  tho  two  basins  where  we  have  made  observations,  the  amount  of 
water  stored  in  tho  soil  in  the  form  of  ground  water  varies  from  negligible 
amounts  to  more  than  eight  inches.  In  some  places,  it  is  extremely  impor¬ 
tant!  in  other  places,  it  is  not. 
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CHAI MIAN  "AO.uK:  Mr.  Stafford,  have  you  any  comments  along  this  lino 
that  you  v;ould  caro  to  offer? 

Mi.  IMAiL&YiE  Mo  STAFFORD :  No,  I  am  just  surprised  at  the  snail  amount 
of  soil  moisture  reported  for  that  area., 

CHAI  1'iAN  * WOliK :  I  would  like  to  ask  you,  Mr.  Houston,  if  you  have 
found  it  expedient  this  year  to  change  your  run-off  forecasts  from,  what 
you  night  have  predicted  on  the  basis  of  snow  cover  alone. 

Mil.  CLYDE  E.  HOUSTON:  Yes,  but  how  much  I  don’t  know,  I  agree  with 
T7altcr  that  each  watershed  is  absolutely  different.  In  Humbolt  in  Central 
Nevada,  wo  found  the  ground  water  measurement  was  low  for  the  period  that 
has  been  measured.  The  period  of  record  is  about  ton  years’.  There  is 
quite  a  ground  water  basin  out  there.  'Hie  forecast  point  is  below  that 
basin,  and  we  had  the  Geological  Survey  nan  with  us  on  our  local  forecast 
meetings  and  he  introduced  us  to  the  fact  that  we  haven’t  yet  determined 
how  to  uso  the  ground  water  levels  in  relation  to  stroam  flow  forecasts. 

17o  did,  of  course,  decrease  our  forecasts  quite  a  bit  because  wc  felt  that 
the  greater  part  of  that  ground  water  basin  is  going  to  have  to  be  replaced 
before  the  water  gets  past  the  gauging  station.  It  is  a  very  good  point 
to  study,  and  I  don’t  know,  myself,  how  to  go  about  it,  but  wc  arc  going 
to  try  next  yearc 

CHAIRMAN  '70MI:  Arc  there  any  further  comments? 

Mm.  H.  V.  ESTEitSON:  (U.  S.  Geological  Survey)  I  would  just  like  to 
mention  that  it  seems  to  me  a  very  good  opportunity  this  year  for  studying 
the  effect  of  soil  deficiencies  and  the  influence  that  it  might  have  on 
run-off.  Not  that  I  have  any  particular  basic  data  or  basic  figures  to 
present,  but  to  say  something  about  a  personal  exporionce,  I  camo  back 
from  "Washington  in  February  and  happened  to  be  amoung  those  unfortunate 
ones  who  got.  stuck  in  a  train  up  in  "Wyoming  where  I  spent  six  or  seven  days 
waiting  for  the  snow  to  clear  up.  I  came  through  Salt  Lake  around  the 
20th  of  February  and  I  talked  to  several  people  there  and  to  my  brother, 
particularly,  who  lives  near  there.  He  told  me  at  that  time  that  they 
had  about  three  feet  of  snow  near  Logan.  Mr.  brother  was  down  there  a 
short  time  ago,  I  asked  him  what  had  happened  to  the  three  feet  of  snow, 
and  ho  said  it  has  practically  all  sunk  into  the  gound.  There  was  prac¬ 
tically  no  surface  run-off  from  that  three  feet  of  snow,  ‘Who the r  that  is 
duo  to  deficiency  in  moisture  last  year  or  not,  I  am  not  prepared  to  say, 
but  you  know  that  a  quantity  of  water  can  go  into  the  ground  without  pro¬ 
ducing  run-off  if  all  the  factors  relating  to  the  disposal  of  snow  arc 
favorable,  I  don’t  know  whether  measurements  have  actually  been  made  or 
not,  but  it  seems  to  me  that  there  arc  criteria  this  year  which  can  be 
used  in  determining  the  effect  of  soil  moisture  on  your  snow  run-off. 

I  heard  something  of  the  same  thing  on  the  Gila  Aivcr  in  Arizona, 

I  happened  to  bo  in  Arizona  around  the  1st  of.  March,  Prospects  were  for 
something  of  a  record  run-off  in  the  Gila  Mvor.  Since  that  time,  the 
prospects  are  not  nearly  as  great  as  around  the  1st  of  March,  due  to  the 
water  sinking  into  the  ground. 
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CH/iI AMAH  ’"OAK:  vJe  will  have  a  brief  ro-cess,  gentlemen,  and  I  think 
we  can  go  into  this  subject  a  little  further  when  these  forecasts  come  up 
for  discussion* 


..thereupon  the  mooting  recessed  at  10:45  A.  M.  for  ten  minutes. 

CHAIRMAN  "YORK :  The  meeting  will  come  to  order,  please.  The  next 
section  of  the  program,  gentlemen,  has  to  do  with  specific  forecasts  for 
the  ensuing  season  of  the  flow  of  the  Colorado  River  in  the  Grand  Canyon. 

We  will  call  first  on  the  Bureau  of  reclamation.  I  expect  we  should  call 
on  you,  John,  should  wo  not? 

I'Ll.  J.  A.  STANLEY:  Do  you  want  just  the  figure? 

CHAIRMAN  AOliK:  I  would  like,  to  have  your  figures  and  know  how  you 
got  at  it. 

Mr.  J.  A.  STANDBY:  A  oouplc  of  the  fellows  on  the  program  this 
afternoon  can  tell  you  a  good  deal  more  about  how  to  get  at  it.  Mhat  wo 
consider  our  official  forecast  is  arrived  at  on  the  basis  of  accumulative 
precipitation  from  the  beginning  of  last  October  to  the  date  of  the  fore¬ 
cast.  The  mean  forecast  figure  for  the  period  of  April-July  is  12,000,000 
acre  feet,  and  the  range  there  is  2,900,000  acre  feet  plus  or  minus. 

I  might  exp  lain  that  actually,  while  that  is  at  present  our  official 
forecast,  our  operations  will  be  tempered  to  some  extent  by  certain  fore¬ 
casts  made  by  other  methods.  You  remember  our  old  ’larch  increase  of  snow 
water  content.  Our  mean  forecast  by  that  method  is  down  to  9,500,000. 
Combining  that  March  increase  with  the  prior  precipitation,  we  have  a  mean 
forecast  of  10,700,000,  so  we  consider  those  other  figures  in  our  plans 
for  opc rati ons •  The  normal  for  a  56-year  period  is  9,600,000. 

CHAIRMAN  MOAK:  Mr.  Gardiner  gave  the  normal  as  13,400,000. 

MR.  STANLEY:  That  is  not  the  same.  For  our  36-year  period,  which 
is  a  little  bit  different  from  Mr.  Gardiner’s  period,  it  is  9,600,000. 

CHAIRMAN  "YORK:  "To  will  write  that  down.  (Mriting  digurcs  given  by 
Mr.  Stanley  en  the  blackboard)  Is  this  9,600,000  for  April-July? 

MR.  STANLEY:  Yes.  That  is  for  the  36 -year  period  recorded,  so 
that  normal  wall  not  be  exactly  the  same, 

CHAIaMAN  MOlK:  Thank  you,  Mr.  Stanley.  Mr.  Lamoreaux,  arc  you  going 
to'  present  the  forecast  for  the  "feather  Bureau? 

■MR.  WALLACE  C.  IiHO  JDAUX:  I  will  have  more  to  say  about  the  method 
of  deriving  that  after  lunch.  The  forecast  is  for  11,700,000  acre  feet  for 
the -water  year,  and  the  percentage  of  normal  is  104  per  cent.  The  April- 
July  forecast  is  for  8,600,000  acre  feet. 

CHAIRMAN  ’"OAK:  (TTri ting  figures  on  blackboard)  Next,  the  Southern 
California  Edison  Company.  Are  you  going  to  give  that.  Bill? 


7 


Mk.  *7.  A.  LANG:  My  friend  Bill  And  roe  has  a  different  figure  from 
what  I  have*  Neither  one  of  us  had  a  bulletin  until  this  morning.  My 
figure  is  11,750,000  for  April- July* 

Mk.  A.  A.  ANDAEE :  My  figure  is  11,700,000. 

CHAIRMAN  ’.70kK:  How  about  the  Geological  Survey,  Mr.  Gardiner? 

Mk  JOHN  H.  •  GAkDIEEk:  I  have  a  figure  hero,  and  some  background 
information.  I  don't  know  whether  you  want  that  or  not. 

CHAILMAN  WOkK :  That  is  fine.  Let's  put  your  figure  down  and  then 
have  the  rest  of  it* 

Mk.  JOHN  If.  GAkDIIEn:  The  figure  is  11,300,000,  plus  or  minus 
1,400,000  for  April- July. 


•Mr.  Gardiner  then  road  his  report.  See  page  42. 


CHAIRMAN  WOnK:  Thank  you  very  much.  -Now,  the  Los  Angeles  Depart¬ 
ment  of  Mater  and  Power* 


Mk.  Ho  M.  KELLY:  The  forecast  is  11,100,000  acre  .feet.  It  would 
bo  about  125  per  cent  of  the-  average  that  wo  have.  .That  is  for  April- July* 

•  •Mr.  Kelly  then  road  a  report.  See  page  43  » 

CHAIRMAN  HO.lK:  The  Program  Chairman  lists  "others1' 0  Are  there  other 
estimates  any  of  you  gentlemen  would  like  to  submit?  If  not,  I  will  add 
the  SCS  forecast  here.  It  is  10,900,000  for  April-July* 


Hell,  hero  we  have  it.  (heading  from  blackboard) 

Estimated  April-July  nun-off  for  Colorado  Grand  Canyon,  19  49*. 


IT.  S.  Bureau  of  declamation 
Southern  California  Edison 
U.  S.  Geological  Survey 
L.  A.  Bureau  of  "A ter  &  Power 
Soil  Conservation  Service 
U.  S.  Weather  Bureau 


Acre  Feet 


12,000, 000- 
11,725,000/ 
11,300,0004 


11, 100,000 
10,900,000 
3,600, 000 


2,900,000 

(Approximately) 

1,400,000 

(125%  of  13-year  Av.) 

(11,700,0.00  equals  104% 
Normal  Water  Year) 


(Normal  equals  9,600,000  -  April-July  -  36  yr. ) 

CHAIRMAN  WOnK:  I  have  listed  these  in  order  of  descending  magnitude, 
and  that  is  quite  a  spread  from  8,600,000  to  12, 000,000--a  spread  of  about 
25  por  cont. 

Mu.  W.  A.  LANG:  How  does  the  Weather  Bureau  figure  less  than  normal? 

Do  you  want  to  enter  discussion  on  this,  Mr.  Lamoreaux? 


CHAIkMAN  WOuK: 


8 


MR.  LANG:  I  just  happened  to  notice  the  figure, 

MR  LAMOEEAUX:  I  think  we  will  cover  that  this  afternoon,  probably 


MR.  MARVIN  DIAMOND:'  I  just  wonder  about  that  leather  Bureau  forecast, 
since  it  was  mentioned  we  have  2,700,000  for  October  through  March,  and 
8,600,000  for  April- July.  That  adds  up  to  11,300,000.  That  moans  that 
August-September  may  only  run  around  400,000  acre  feet.  I  wonder  if  there 
is  a  possible  discrepancy  there? 

MR.  LAMOREAUX:  No.  The  method  used  in  arriving  at  that  April-July 
forecast  takes  into  account  the  antecedent  run-off,  and  there  is  a  little 
variation  in  arriving  at  the  method  there.  It  is  a  procedure  that  wo 
have  been  working  on,  so  that,  while  it  is  not  altogether  consistent, 
there  is  not  too  much  discrepancy  there,  I  think  the  August- September 
run-off  runs  around  a  million  acre  feet, 

CHAIRMAN  WORK.:  You  are  estimating  the  run-off  then  for  this  year  at — 

MR.  LwMO'lEAnX:  Loss  th an  no rmal • 

CHAIRMAN  YORK:  I  would  like  to  ask  the  Bureau  of  Reclamation  if  they 
want  to  give  any  amplification  of  their  arrival  at  their  figuro,  since 
they  arc  on  the  high  side, 

MR.  STANLEY:  It  i  s '  12, 000,  000  by  the  method  wo  have  boon  using 
pretty  consistently  the  last  few  years.  It  is  simply  correlation  between 
accumulated  pre c-i’pi tati on  since  last  October  up  to  April,  correlated 
against  the1  run-off  for  April-July.  That  is  all  there  is  to  it.  The  pre¬ 
cipitation  data  that  we  used  arc  the  thirteen  stations  we  have  been  using. 
They  were  arbitrarily  selected  on  the  basis  of  descending  order  of  cor¬ 
relation.  "Jo  used  the  top  thirteen  stations,  each  of  which  would  indivi¬ 
dually  correlate  quite  well  with  the  April-July  run-off,  Tho  precipita¬ 
tion  we  use  then  for  October  through  March  is  average  precipitation  accu¬ 
mulated  at  those  thirteen  stations  correlated  with  the  run-off  rate  for 
April-July, 

CHAIRMAN  WORK:  It  is  my  understanding,  Mr.  Stanley,  that  the  pro¬ 
gram  of  operation  of  Lake  Mead  will  be  based  in  the  next  several  months 
upon  the  forecast  of  12,000,000o  Is  that  correct? 

MR.  STANLEY:  Yos,  it  will  be  based  on  that,  with  whatever  other 
things  it  may  bo  necessary  to  take  into  consideration,  I  might  mention 
that  this  afternoon  Mr.  Lupton  will  explain  how,  as  time  goes  on,  we  check 
the  run-off  as  it  comes  to  soe  how  much  more  wo  are  going  to  get.  JTc  have 
a  method  of  figuring  that, 

CHAIRMAN  WORK:  You  revise  right  along,  then? 

MR.  STANLEY:  Wo  don’t  start  revising  immediately,  but  as  soon  as  wo 
can,  wo  start  revising  to  get  closer  to  tho  figure. 


CHAI .J'lAN  "FORK:  But  at  tho  immediate  moment,  the  plans  for  operation 
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of  Lrko  Mead  are  no w  being  based  on  an  anticipated  flow,  of  12,000, 000 
acre  foot? 

MR.  STANLEY:  Let’s  put  it  this  way:  from  9,100,000  to  14, 900, 000 * 
CHAIRMAN  'YORK:  That  takes  a  rather  flexible  operating  plan,  I  presume* 


MR.  STANLEY :  This  year,  of  course,  with, -those  figures,  there  is  a 
lot  of  water*  To  have  boon  using  the  9,100,000  as  the  lower  limit*  It 
is  still  a  lot  of  water* 


CHiil-HMAN  “D..1.K:  Just  as  a  matter  of  curiosity,  supposing  you  were  to 
use  the  figure  of  8,600,000,  what  changes  would  that  make  in  your  oper¬ 
ating  plans? 


Mjx.  STANLEY:  You  moan  if  our  forecast  were  8,600,000? 


CHAIiiMAN  WORK:  Yes. 

MR.  STANLEY:  It  would  mean  primarily 
for  the  coming  year*  Dees  that  answer  the 

CHAI IJvIAN  'YORK:  I  was  just  curious  to 
forecast  would  set  in  motion* 


a  smaller  production  of  powe r 
question? 

know  what  sort  of  wheels  that 


MR.  STANLEY s  ‘.Tell,  for  one  thing,  if  it  were  fairly  sure  wo  were 
going  to  get  a  lower  run-off,  it  would  be  a  simple  matter  to  got  down  to 
the  flood  control  lovol*  WQ.  got  down  to  tho  flood  control  level  we 
require  on  July  31.  It  would  have  boon,  up  to  now,  probably  just  as  easy 
to  arrive  at  tho  flood  control  level  on  March  31  if  wo  had  been  using  our 
ordinary  forecast  that  wo  used  since  the  first  of  the  year  in  planning  tho 
operation  all  the  way  through  the  year* 


,  CHAIRMAN  ‘YORK:  If  you  gentlemen  don’t  object  to  your  chairman  pur¬ 
suing  this  particular  line  of  thought  just  a  little  further--! s  there 
any  objection  to  it?--now  I  would  like  to  ask  the  Bureau  of  Power  and 
Light  how  their  plans  for  the  ensuing  season  would  bo  affected  by  a  dif¬ 
ference  in  the  forecast  of  3-|-  million  acre  feet  inflow  into  Lake  Mead, 


MR.  H.  M.  KELLY:  There  is  going  to  be  a  paper  given  this  afternoon* 
Perhaps  Mr.  Mason  could  give  you  an  answer  on  that* 

MR.  DAN  MASON:  I  expect  to  take  that  up  in  some  detail,  as  Mr*  Kelly 
said*  It  would  moan  that  our  generation  at  Hoover  would  bo  cut  a  groat 
deal,  and  steam  generation  increased*  There  is  a  balance  between  the  two, 
and  if  our  cxpoctod  energy  from  Hoover  were  cut  down,  as  it  probably 
would  be  under  such  expected  in- flow  conditions,  our  steam  would  have  to 
be  increased. 

CHAIRMAN  'YORK:  Then  you  would  begin  to  make  plans  presumably  at  once 
for  fuel  oil  supplies,  etc.? 


MR.  MASON:  That  is  right 
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Mxu  C.  E.  KODIL:  (Dept,  of  'later  and  power)  In  direct  answer  to 
your  question  as  to  what  changes  in  plans  would  be  made  if  the  estimate 
were  to  bo  based  on  8,600,000  for  April-July:  The  Reclamation  Bureau 
is  encouraging  the  use  of  as  much  water  as  possible  at  the  Hoover  Power 
plant.  If  the  forecast  were  8,600,000,  the  lie c lama ti on  Bureau  would  pro¬ 
bably  discourage  the  use  of  watc r0  It  is  a.  general  practice  to  decide  on 
the  figure  for  the  operating  year  at  Hoover,  which  is  Juno  1  to  May  31, 
in  about  October  or  November,  Last  November,  a  figure  of  5*600,000  kilo¬ 
watt  hours  was  decided  upon  as  the  figure  for  the  current  year,  on  the 
expectation  of  inflow  of  12,000,000  for  next  year.  The  Reclamation  Bureau 
would  encourage  a  decrease  for  the  current  year  if  the  estimate  wore 
8,600,000  acre  feet  for  next  year,  and  then  they  would  probably  bo  en¬ 
couraging  us  to  cut  down,  on  the  kilowatt  hours,  rather  than  increase  it* 

CILlliiMAN  HOAK:  Thank  you.  Bill,  do  you  want  to  add  anything? 

MR.  LANG:  No,  I  would  ask  Mr,  Andre o  whether  he  has  anything  to  add. 


C Hill  RMi _N  :i0  iJC: 
plans,  assuming  the 


Mr.  Andree,  how  would  the  Edison  Company  modify  its 
8,600,000? 


MR.  ANDREE:  I  think  we  would  do  similarly  to  the  Department  of  Hater 
and  Power,  It  would  moan  additional  steam  at  this  time.  He  have  steam 
pretty  well  at  a  minimum  at  present. 


CEAI  iMAN  HOAK :  I  would  like  to  ask  you  another  question  now,  John, 
if  I  may.  Assuming  you  don’t  got  12,000,000  during  April -July,  assuming 
you  get  8,600,000  this  year  during  April- July — what  gears  does  that  throw 
out  of  mesh? 


MR.  STANLEY:  I  think  it  would  affect  principally  the  generation 
schedule  for  the  next  contract  year,  because  if  something  happened  up  on 
the  watershed  that  is  not  indicated  in  most  of  these  forecasts,  the  oper¬ 
ation  would  be  changed,  of  course,  as  soon  as  we  begin  to  know  about  it* 

MR.  YE.JION  H.  uUPP:  (U.  S,  ’leather  Bureau)  In  any  proccduro  wo  ho.vc 
an  element  of  de  lation  from  ono  year  to  another*  In  addition  to  that, 
we  have  an  element  of  error  as  indicated  in  these  plus  or  minus  figures* 
Now,  if-'we  assume  a  median  forecast  of  12,000,000  acre  feet,  wc  would 
have  to  allow  ourselves  a  plus  or  minus  in  our  operations  to  cover  our¬ 
selves  in  case  the  natural  or  normal  deviation  cannot  come  into  ihc  fore¬ 
cast  figures*  He  would  have  to  allow  something  there  to  operate  on  and 
not  assume  that  that  forecast  was  exact.  It  seems  that  in  any  forecast 
that  is  made  you  would  necessarily  have  to  allow  some  latitude  because 
no  procedure  we  havo  seen  so  far  that  has  come  to  :-our  attention  is  exact* 

CHAIlJIAN  HORN:  Yes,  and  I  presume  you  would  have  a  plus  or  minus  in 
the  8,600,000, 

MR.  AUPP:  There  would  be  some  latitude  there, 

CHAIRMAN  HOAX:  "Thich  might  bring  your  maximum  up  to  somewhat  greater 
than  the  Bureau  of  Reclamation’s  possible  minimum.? 
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Mu.  RUPP:  There  would  be  an  overlapping  there# 


CHAIRMAN  'TORE:  ’Toll,  wo  w  oh’t  pursue  that  subject  any  longer, 
since  it  is  going  to  come  up  in  the  discussion  this  afternoon. 

It  is  a  real  privilege  to  have  you  with  us  this  morning,  George,  and 
to  hoar  about  the  work  you  have  been  doing  with  the  Snow  negotiating 
Jeep#  Mr.  George  Lewis.  ' 

..Mr.  George  A# Lewis  then  presented  his  paper  on  ’’The  Snow  Negotia¬ 
ting  Jeep".  Slides  were  shown#  For  his  remarks,  see  page  46 • 

CILVIRIAN  ’TOLL:  Thank  you,  Mr.  Lewis. 

■  MR.  LEWIS:  If  there-  are  any  questions,  I  will  be  glad  to  answer  them 

CELIiiMAN  hOxJv:  'That  did  you  say  the  pounds  per  square  inch  was ? 

Mil .  LET-71  S:  It  Is  1.3. 

Mu.  HOUSTON:  What  are  the  results  on  side  hills? 

Mli c  LEWIS:  We  operate  only  on  existing  roadbeds.  If  an  ordinary 
automobile  will  traverse  the  road,  a  jeep  will  also  when  tho  snow  is  on. 


ML.  HOUSTON;  Do  you  use  four-wheel  drive? 

ML.  IE' IIS;  We  use-  low- low  and  both  axle  drives  in  shot/.  We  have 
found  it  beneficial  to  control  tho  power  as  much  as  possible.  You  get 
better  results,  and  then  up  in  that  country,  snow  is  not  nearly  so  level 
as  it  is  presumed  to  be.  Eight  or  nine  miles  an  hour  is  pretty  fast  on 
a  wheel  base  'that  short# 

MIL.  STAFFORD:  Suppose  you  arc  going  along  and  run  into  a,  pretty  deep 
drift  and  your  wheels  compact,  dees  it  push  through  or  does  it  block? 

MR.  LEWIS:  As  I  said,  the  wheels  will  not  spin  below  axle  depth, 
and  the  necessity  is  that  you  got  out  in  front  and,  instead  of  shoveling, 
you  stamp  some  snow  under  the  wheels.  They  have  never  been  hung  up  on 
tho  center. 

MR.  MITCHELL:  You  mentioned  83  inches  of  snow.  How  would  tho  joop 
operate  in  deep  snow. 

MR.  LEWIS:  If  the  depth  isn’t  over  thirty  inches,  you  can  operate 
but  in  soft  snow- -twenty  per  cent  snow  is  pretty  dry- -you  can’t  go  over 
a  couple  of  feet.  That  is,  unless  you  have  an  opportunity  to  compact 
your  road  after  each  storm.  Wo  have  been  successful  in  keeping  the  road 
up  because  after  each  storm  they  go  out  in  the  jeep  and  make  one  pass. 

It  has  a  fourteen  inch  tread  so  it  makes  quite  a  track. 

MIc.  LUPTON:  Have  you  done  any  experimenting  with  single  tires? 

MR#  LEWIS:  Wo  have  tried  all  combinations.  Tib  triad  singles.  Wo 
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used  singles  for  a  couple  of  years,  and  from  that  went  to  the  dual  con¬ 
strue  tion. 

MA.  LING:  Wo  have  been  successful  in  the  use  of  the  jeep,  too. 

Ha.  LEWIS:  I  night  add  that  soveral  agencies  have  adopted  this  method, 
how  successfully  I  don't  know,  but  some  have  had  fairly  good  luck  with  it. 

We  have  had  excellent  success. 

CLLLIAUAN  WOuK :  If  there  are  no  further  questions,  I  will  call  on 
Jimmie  Jones  at  this  time.  Mr.  Jones  spoke  off  the  record. 

CHAIAEAN  WOAK:  I  would  like  to  urge  that  any  of  you  who  have  not 
signed  the  register,  please  do  so  before  you  leave  for  lunch,  thus 
assuring  yourself  of  a  transcription  of  the  record.  The  Committee  didn't 
make  any  arrangements  for  luncheon,  feeling  that  in  this  particular  loca¬ 
tion  in  Los  Angelos  we  might  better  all  shift  for  ourselves.  Let's  try 
to  reconvene  promptly  at  1:30  P.  M.  Pie  meeting  is  adjourned. 

.  .'Thereupon  the  meeting  adjourned  at  11:55  A.  M. 

AF EANOON  SESSION 

..The  Meeting  was  called  to  order  at  1:30  P.  M.  by  Mr.  it.  A.  Work, 
Chairman. 

CHALiMLN  W0,K:  The  Colorado  Liver  Water  Forecast  Committee  will  re¬ 
convene  its  Fifth  Annual  Meeting.  Leading  off  the  discussion  this  after¬ 
noon  is  one  of  a  series  of  papers  devoted  to  some  recent  developments  in 
run-off  forecasting  procedure.  The  first  of  thoso  papers,  I  am  sure, 
will  bo  exceedingly  interesting  to  all  of  us,  as  that  has  to  do  with  the 
forecasting  procedures  that  have  been  developed  and  that  arc  being  used 
by  the  U.  S.  Weather  Bureau.  The  paper  will  bo  presented  by  Mr.  Lamor- 
eaux.  Head  of  the  Aun-ofL  Forecasting  Unit  of  the  Weather  Bureau  in  Salt 
Lake  City.  Mr.  Lamoroaux. 

..Mr.  Wallace  C.  Lamorcaux  then  presented  his  paper  on  Forecasting 
Methods  used  by  the  U.  S.  Weather  Buroa.u*  Sec  page  50.  (Applause) 

Mli.  LAMOnEAUX:  If  there  are  any  questions,  I  will  attempt  to  answer 

them. 

CHAIRMAN  WOxiK :  That  was  a.  very  interesting  presentation,  Mr.  Lamoroaux. 

Mil.  MAttVIN  DIAMOND:  (U.  S.  Bureau  of  Acclamation)  I  would  like  to 
make  a  few  comments,  if  I  may,  with  regard,  primarily,  to  the  use  of  the 
double-mass  curve  technique.  I  notice  that  the  Weather  Bureau  makes 
adjustments  according  to  a  base  pa.ttorn.  I  think  Mr.  Lamoroaux  did  men¬ 
tion  that  in  most  cases  the  change  in  the  double  mass  curve  may  coincide 
with  the  station  move,  but  quite  often  it  doesn't.  The  question  arises: 

De  they  go  ahee.d  and  adjust  the  earlier  record  just  because  they  have 
abandoned  the  double  mass  curve,  regardless  of  whether  there  is  any  change 
in  the  history  of  the  station  at  that  time  2 
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Another  point  that  might  be  brought  up  is  the  selection  of  base  sta¬ 
tions.  Are  'they  checked  very  thoroughly  to  see  whether  they  have  any 
bands  when  each  one  is  plotted  against  the  twenty?  Mr.  Lamoreaux  referred 
to  Marion* s  paper©  He  was  one  of  the  original  investigators  of  double¬ 
mass  curve.  I  would  like  to  refer  to  his  paper  for  a  moment.  He  investi¬ 
gated  in  the  Susquehanna  Valley  something  like  212  stations.  Roughly,  out 
of  that  212,  he  found  thirty  or  forty  that  might  bo  used  in  working  up  his 
base  pattern.  He  then  wont  ahead  and  plotted  each  one  of  these  212  sta¬ 
tions  against  that  base  pattern  and,  to  quote  Marion,  ho  said,  "You  can 
count  on  the  fingers  of  one  hand  the  number  of  stations  that  gave  an  exactly 
straight  line."  In  other  words,  something  less  than  five  stations  out  of 
212  gavo  a  straight  lino  when  you  apply  this  double  mass  diagram© 

The  question  then  arises;  Are  wo  going  to,  yon  might  say,  just  re¬ 
lentlessly  adjust  every  station  without  actually  finding  out  whether  there 
is  a  real  valid  adjustment?  Did  someone  put  a  building  up  near  the  rain 
gauge,  or  move  the  rain  gauge?  Or  are  wo  just  going  to  adjust  the  stations 
without  any  good  investigation  into  its  past  history?  I  think  that  is  a 
point  that  should  be  considered  very  carefully  by  any  investigator,  espec¬ 
ially  when  he  is  working  with  this  double-mass  diagram  technique. 

Just  one  more  point  on  the  business  of  adjusting  run-off  with  refer¬ 
ence  to  the  double-mass  curve.  I  think  when  we  think  of  a  time  trend  in 
nature  most  of  us  would  imagine  a  gradual  change.  I  don’t  think  that 
nature  decides  at  any  one  point— maybe  in  1929  or  1930- -to  change  things 
around  and  from  then  on  have  everything  be  different.  Wo  would  rather 
expect  a  very  gradual  change «  In  all  probability  we  might  not  even  notice 
that  change  within  thirty  years,  which  is  really  an  infinitesimal  time 
limit  when  we  consider  tine,  itself.  But  the  question  arises,  then,  in 
the  adjustment  of  these  run-off  records,  whether  the  change  in  this  run¬ 
off  trend  just  happens  very  sharply,  just  suddenly  in  1929,  or  1940,  or 
whatever  year  you  want  to  pick.  That  is  about  all  I  have  to  say, 

MR.  LAMOfEAHK-;  The  Weather  Bureau  does  make  an  investigation  into 
the  various  precipitation  stations  before  the  adjustments  are  made  where 
the  records  are  available.  As  I  pointed  out,  each  individual  station  is 
tested  against  the  precipitation  base,  and  if  that  station  is  found  to 
have  erratic  or  decided  breaks  in  the  slope  of  the  double-mass  curve, 
then  that  station  is  omitted  and  the  base  is  recomputed.  The  base  is 
considered,  and  any  small  irregularities  in  the  individual  station  is  con¬ 
sidered  to  be  dampened  out  by  the  other  stations  and  compensated  for  by 
a  number  of  stations  on  the  base.  I  cm  just  wondering  how  you  would 
account  for  the  definite  breaks  which  you  find  in  those  double-mass  cur¬ 
ves  or  any  other  assumption.  I  wonder  how  you  account  for  the  definite 
bends  you  find  in  the  relation  between  precipitation  and  run-off.  I 
believe  the  Bureau  of  Reclamation  used  similar  adjustments  up  until  this 
p  re  s  o  nt  ye a  r ,  d i d n’t  th  c  y  ? 

MR.  DIAMOND:  No.  Just  last  year  wo  fiddled  with  adjustments.  We 
made  one,  but  this  year  wo  realized  that  wo  couldn't  hold  it  up,  and 
until  we  feel  that  any  adjustings  can  be  done  on  a  very  sound  basis,  wo 
are  not  going  to  do  any  adjusting.  Wo  don't  find  that  it  is  a  sound 
enough  basis  to  go  back  and  change  run-off  records© 
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MR.  LAHORE  AUX:  You  admit  that  they  do  show  us  changes  in  station 
exposure  and  location.  That  is  quite  definite, 

HR.  DIAMOND:  Yos,  and  they  quite  often  give  bends  where  the  station 
has  never  been  moved,  I  can  show  any  number  of  records  for  stations  on 
the  Colorado  River  basin  which  when  plotted  against,  say,  the  average  of 
thirty-five  stations  all  over  the  basin,  will  give  bends,  and  there  is  no 
history  at  all  of  the  station  being  moved. whero  the  bend  occurs*  I  'don't 
kn o w  vh at  causes  those  bends* 

CILAI  ALLAN  'YORK:  Lot  mo  ask  the  gentleman  from  the  Geological  Survey 
if  he  has  something  to  offer  in  this  connection, 

MR.  H.  V.  PETERSON:  I  don't  think  so,  but  Mr.  Troxell  might  have 
something  to  offer, 

HR.  HAROLD  C.  TROXELL:  ’Ye  have  drawn  a  few  doublemass  curves  here 
in  Southern  California,  I  am  not  strong  for  the  double-mass  curve.  The 
comparison  between  two  we  had  was  beautiful  until  we  got  a  monthly  pre¬ 
cipitation  of  over  ten  inches.  Then  they  varied  considerably.  One  gauge 
always  had  twice  as  much  during  those  heavy  months,  while  during  the 
remainder  of  the  period  of  record,  when  precipitation  was  down  to  three 
or  four  inches,  they  were  in  almost  complete  agreement.  But  if  there  wore 
three  or  four  wet  months  together,  it  built  up  one  station  tremendously, 
and  the  other  didn't  show  that  response, 

MR.  LAMOREAUX:  I  don't  think  anyone  will  attempt  to  use  those  for 
individual  months, 

MR.  H.  V.  PETERSON;  You  don't  account  for  any  variation  in  your 
summer  precipitation? 

MR.  L'JiOREAUX:  Summer  precipitation  is  assumed  to  bo  normal, 

CHAIRMAN  YORK:  Mr.  Lang,  arc  you  just  looking  sloopy  or  looking 
skeptical  about  somo  of  this  discussion? 

Hit.  LANG:  Just  skeptical, 

CPLAI  IRAN  'YORK:  Have  you  anything  to  contribute? 

MR.  LANG:  I  think  the  changes  in  equipment  and  methods  of  measuring 
precipitation  and  run-off  would  probably  account  for  somo  of  the  bonds  in 
the  curves, 

Mn.  “ML  TEju.  MIL  SON :  I  would  like  to  offer  a  brief  comment  on  the 
relations  between  precipitation  and  run-off.  Instead  of  entirely  agreeing 
with  Mr.  Diamond's  statement  that  such  changes  arc  gun dual,  I  would  say 
you  are  not  dealing  with  true  ran- off,  I  think  the  U.S.G.S.  people  would 
bo  the  last  ones  to  deny  that  they  have  changed  and  improved  their  tech¬ 
niques  from  time  to  time,  and  when  these  changes  in  measurement  techniques 
occur,  they  would  be  represented  by  breaks  in  the  record,  rather  than  tho 
gradual  shift. 
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CHAIAMAN  VjD iiK :  I  don’t  liko  to  limit  discussion,  gentlemen,  but  I 
do  believe  wo  ho.d  hotter  pass  on  to  tho  next  paper,  which  is  entitled 
"Forecasts  Methods  Used  by  the  Office  of  Aver  Control  and  lie  search  Work 
Accomplished  During  the  Pont  Year*"  The  paper  wall  bo  presented  by  John 
Stanley,  Assistant  Chief  of  tho  Office  of  fiver  Control  of  the  Bureau  of 
ueclanie„tion  at  Boulder  City,  Nevada,  for  Mr.  C.  p.  Vetter,  Chief  of  that 
Office.  Mr.  Stanley. 

•  •Mr.  J.  "7.  Stanley  then  made  some  remarks  on  the  above  subject. 

These  remarks  were  a  summary  of  papers  presented  in  past  year  and  no  for¬ 
mal  paper  was  presented  for  publication 

Mu.  STANLEY:  That  is  about  the  extent  of  our  -accomplishments  during 
the  past  year.  I  want  to  tell  you  that  Mr.  Vetter  was  very  sorry  he 
couldn’t  bo  here,  and  sorry  he  couldn’t  be  able  to  see  you  all.  (Applause) 

CHAIiuCl'J  '70.dC:  Mould  you  prefer,  John,  that  discussion  be  reserved 
until  the  other  papers  by  members  of  your  staff  are  presented? 

Mu.  STANLEY:  I  think  so, 

CHtiiuMAN  MO-iK:  All  right.  !Eo  will  reserve  discussion  until  wc  have 
hoard  Mr.  Lupton’s  paper  and  Mr.  Diamond’s  paper.  The  next  paper  on  the 
program  is  prepared  by  Frantz  Lupton  of  tho  Office  of  Liver  Control,  TJ.  S. 
Bureau  of  itocluna tion,  Boulder  City:  "Methods  of  Predicting  Inflow  into 
Lake  Mead  for  the  month  of  July.  Mr.  Lupton. 

..Mr.  Frantz  it.  Lupton  then  presented  his  paper  entitled  "Methods  of 
Predicting  Inflow  into  Lake  Mead  for  the  Month  of  July."  See  page  55. 

CHAI  (HAN  ;0I{:  Thank  you  very  much,  Mr.  Lupton.  Tho  next  paper  on 
the  program  will  bo  presented  by  Dan  Mason,  Electrical  Engineer,  from  tho 
Los  Angeles  Department  of  '.Eater  and  Power.  Tho  title  of  Mr.  Mason’s 
paper  is  "Operating  Water  and  Power  Facilities  within  Maximum  and  Minimum 
’Eater  Limits." 

..Mr.  Dan  Mason  then  presented  his  paper  entitled  "Operating  'Eater 
and  Power  Facilities  within  Maximum  and  Minimum  ’Eater  Limits."  Sec  page  59. 

CHAI.diLN  'EOItK:  Thank  you,  Mr.  Mason.  I  would  suggest,  gentlemen, 
that  we  deviate  slightly  from  tho  program  and  go  ahead  with  Mr.  Diamond* s 
paper,  then  throw  it  open  for  discussion,  and  after  that,  have  a  recess. 

The  next  papor  on  the  program  will  be  entitled  "practical  Techniques 
used  in  Streamflow  Forecasting"  to  be  presented  by  Mr.  Marvin  Diamond  of 
tho  Office  of  diver  Control,  of  tho  Bureau  f  Acclamation  at  Boulder  City. 

..Mr.  Marvin  Diamond  then  presented  his  paper  entitled  "Practical 
Techniques  used  in  Streamflow  Forecasting."  See  page  65.  (Applause) 

CHAI  MAN  "E0.uK :  Tho  meeting  is  now  open  for  discussion,  gentlemen, 
on  the  papers  by  Mr.  Lupton,  Mr.  Mason,  and  Mr.  Diamond. 
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Mil.  YfALTBIt  HILSOI'T:  I  would  like  to  say  that  the  things  Mr.  Diamond 
just  talked  about  arc  extremely  important.  Ho  started  out  his  discussion 
with  tho  statement  to  the  effect  that  he  was  going  to  talk  about  statis¬ 
tical  methods  and  that  the  length  of  record  and  those  other  things  applied 
to  statistical  methods.  I  would  like  to  amplify  that.  I  am  sure  ho  will 
agree  with  me  that  whenever  we  perform  any  operations  on  any  methods  wo 
apply  statistical  methods.  Some  are  more  refined  than  others.  Unfor¬ 
tunately,  it  is  difficult  to  sit  here  in  o.  stuffy  room  and  follow  with 
interest  a  discussion  such  as  Mr.  Diamond  presented,  but  I  will  say  now 
that  those  of  us  who  aron’t  up  on  that  stuff  had  better  get  up  on  it  if 
we  arc  going  to  stay  in  this  business. 

Mu.  C.  B.  JACOBSON:  (U.  S.  Bureau  of  leclamation)  I  would  like  to 
comment  on  Hr.  Diamond’s  paper.  He  listed  a  number  of  items ‘Which  would 
co.uso  the  double-mass  diagram  to  bend.  I  think  he  overlooked  another  itom. 
That  is  a  change  in  use  which  probably  occurred  during  tho  period  of 
studying,  due  to  new  use  of  water  in  the  basin,  a  diversion,  or  deple¬ 
tion  upstream. 

I  might  say  that  in  the  past  the  uses  in  tho  upper  basin  probably 
haven’t  affected  to  any  appreciable  extent  the  forecasts  that  arc  being 
made  at  tho  present  time  where  we  forecast  tho  residual  flow.  In  other 
words,  at  the  present  time,  it  is  estimated  that  there  arc  2  to  2g-  million 
aero  foot  of  water  consumed  in  the  upper  basin.  Your  figure  here  on  the 
board  relating  to  Grand  Canyon  is  11,700,000  as  a  normal  flow,  104  per 
cent  of  normal,  which  would  put  it  at,  say,  roughly  ten  million  aero  foot — 
plus.  You  will  note  that  2  to  2-g  million  aero  feet  is  a  considerable  per¬ 
centage  of  that  ton  million.  In  other  words,  you  are  forecasting  75  per¬ 
cent  of  the  100  per  cent. 

In  the  upper  basin  at  the  present  time,  there  is  roughly  somewhere 
around  a  million  acre  feet  of  storage.  That  million  doesn't  enter  into 
your  present  forecast  too  seriously  because  it  is  possibly  only  ten  per 
cent  of  the  flow.  However,  it  is  filled  out  of  tho  April -July  period. 

As  uses  will  increase  in  the  upper  basin — and  there  is  no  doubt  that  they 
will  bo  stimulated  duo  to  the  approval  of  the  Upper  Basin  Coiapact — the 
increased  uses  will  be  accompanied  by  hold-ovor  storage «  That  is,  present 
uses  in  tho  upper  basin  rely  to  a  great  extent  today  on  tho  direct  flow 
diversions.  In  the  future,  it  will  require  considerable  hold-over  storage 
to  affect,  particularly,  irrigation  projects,  and  also  trans -mountain 
diversion.  Theso  hold-ovor  reservoirs  will,  of  course,  be  filled  out  of 
high  water  season  in  most  instances.  Therefore,  your  forecasts  for  April- 
July  2ill  be  seriously  effected  if  you  continue  to  uso  the  present  method. 

It  may  be  looking  a  long  way  into  tho  future,  but  you  can  soe  what  would 
happen  when  tho  upper  basin  is  using  7w  million  acre  feet.  In  order  to 
use  7y  million  acre  foot,  you  may  have  to  deplete  the  flow  two  or  throe 
times  that  amount  in  a  year  at  the  reservoir  locations,  the  water  being 
hold  ever  as  long  as  twenty  years  in  order  to  got  a  uniform  delivery  through 
tho  trans  mount*  in  diversion,  or  a.  uniform  use.  Of  course,  that  probably 
won't  be  so  serious  at  that  time,  because  tho  flow  to  the  lower  basin  or 
to  tho  people  in  tho  lower  area  will  no  doubt  bo  equated,  at  least  to  some 
extent,  so  that  the  forecast  of  annual  run-off  probably  won't  be  as  impor¬ 
tant  as  it  is  today. 
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MR.  M.  B.  IIOLBURT:  I  have  a  question  I  would  like  to  direct  to  Mr. 
Mason  in  regard  to  the  hypothetical  problems  set  up  in  his  statement. 

You  talked  about  two  additional  power  allocations  the  Bureau  of  Reclama¬ 
tion  made.  I  was  wondering  if  they  were  sold  as  secondary  power.  Also, 
how  is  your  original  amount  of  firm  power  determined?  Is  it  done  on  the 
basis  of  this  12,000,000  minus  2,900,000? 

MR.  MASON:  It  is  set  up  on  a  percentage  basis. 

MR.  HOLBURT:  Then  anything  above  that  is  secondary? 

MR.  MASON:  Yes,  it  is  sold  as  secondary  power,  and  the  amount  of 
firm  power  allocated  has  nothing  to  do  with  the  yearly  forecast,  but  is 
sot  up  in  the  Boulder  project  Act. 

CHAIRMAN  '.70 IK:  In  your  paper,  Mr.  Stanley,  you  touched  briefly  on 
a  method  you  folks  developed  in  which  you  combine  precipitation  and  snow 
survey  data,  adding  to  the  precipitation  accumulated  October  to  February 
inclusive,  the  March  increase  in  snow  stored  water.  Do  you  expect  to 
continue  to  make  use  of  that  method  and  to  further  explore  it? 

MR.  S  TIN  LEY:  Yes,  wo  expect  to  continue  studying  that  one  as  well 
as  all  these  other  things  that  have  boon  suggested  or  that  wo  have  run 
across.  At  present,  as  I  said,  that  gives  us  a  very  good  forecast  as  of 
April  1,  and  wc  hope  that  the  continued  use  of  records  vail  permit  that 
method  to  continue  to  be  goods  ‘To  also  make  a  forecast  on  May  1,  of 
course,  and  on  May  1  we  got  a  good  correlation  between  s now  water  content 
and  run-off  as  well  as  precipitation.  I  was  speaking  a  while  ago  of  the 
April  1  forecast. 

CHAIRMAN  YORK:  The  reason  I  asked  that  question  was  to  tic  the  Bur¬ 
eau’s  needs  in  with  a  statement  I  road  at  the  beginning  of  the  meeting 
from  Mr.  Stockwell,  in  which  Mr.  Stockwoll  pointed  out  that  he  lacked  full 
convicition  os  to  t.ho  value  of  those  earlier  snow  surveys.  I  would  infer 
from  your  remarks  that  there  is  a  reason  that  you  folks  at  least  are  very 
anxious  to  have  snow  surveys  as  of  March  1.  I  mean  that  without  March  1 
and  April  1,  you  wouldn't  be  able  to  work  out  that  particular  correlation, 
would  you? 

MR.  STANLEY :  No,  that  is  right.  r:e  would  not  be  able  to* 

MR.  ?iAAVIN  DIAMOND:  I  have  a  comment  about  what  you  just  said,  Mr* 
"York.  In  the  uso  of  snow  survey  records  in  stream  flow  forecasting,  wo 
have  so  fow  years  of  record  right  now  that  we  haven’t  really  investi¬ 
gated  the  selective  use  of  various  forces  to  find  out  the  best.  ".To  have 
done  that  with  precipitation.  He  know  that  in  Colorado  wo  got  a  much 
bettor  correlation  when  we  uso  thirteen  stations.  As  the  years  of  records 
go  on  in  snow  survey,  wo  can  possibly  do  the  same  thing  with  that,  and 
that,  in  itself,  might  be  a  good  reason  for  not  discontinuing  any  of  the 
courses  right  now, 

CHAIRMAN  HO.tK:  I  expect  you  folks  appreciate  the  fact  that  Mr. 
Stockwell  is  perennially  in  a  precarious  financial  situation.  If  he 
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ever  broke  a  string  on  his  little  banjo  ho  uses  to  go  around  with  his  Sal¬ 
vation  Army  Gup,  a  lot  of  snow  surveys  wouldn’t  be  taken,  I  think. 

Mil.  VilaNON  RUPP:  I  have  a  question  to  ask  Mr.  Diamond.  If  you  were 
working  up  a  standard  curve  of  least  mean  squares  for  forecasting  preci¬ 
pitation  and  if  you  have  thirty  or  forty  years  of  record  and  you  find 
that  the  last  ten  or  fifteen  years  tend  to  be  below  your  theoretical 
curve,  would  you  adjust  for  those  later  years,  or  would  you  recommend 
giving  greater  weight  to  more  recent  years? 

Hit.  DIAMOND:  I  would  recommend  right  now,  using  the  ontirc  period. 

I  think  one  example  has  been  shown  by  Mr.  Stanley  in  their  paper  where 
they  selected  successive  ten  year  samples.  They  got  correlations  ranging 
from  .2  to  .9.  How  can  we  be  sure  that  the  last  ten  years  or  the  last 
twelve  years  won't  bo  followed  by  another  ton  or  twelve  years  in  which 
the  run-off  may  be  on  the  high  side?  I  think  ton  or  twelve  years  is  too 
short  a  period  to  base  a  lot  of  adjustments  on. 

CIIAIRMAN  WORK:  '.Toll,  we  certainly  want  to  thank  you  gentlemen — 

Mr.  Mason,  Mr.  Stanley,  Mr.  Diamond  and  Mr.  Lupton — for  some  very  inter¬ 
esting  papers  which  will  bo  of  value  to  may  people,  when  they  arc  incor¬ 
porated  in  the  transcript  of  this  mooting.  The  fact  that  comments  have 
not  boon  too  extensive  this  morning .docsn1 t  mean  they  ar;  not  going  to  be 
read  with  very,  very  keen  interest  by  many  people.  Wo  will  recess  briefly 
gentlemen,  and  then  come  back  in  about  ton  minutes  and  conclude  the  pro¬ 
gram. 

..".■hereupon  at  3:50  P.  M.,  a  ten -minute  recess  was  taken. 

CHAIRMAN  '.O.iK:  'Jo  will  come  to  order,  please.  The  next  paper  on 
the  program,  gentlemen,  is  one  that  I  suppose  wo  could  omit  in  the 
interests  of  conservation  of  time,  since  the  author  is  not  present,  but 
I  am  sure  that  most  of  us  would  like  to  hear  that  paper  as  well  as  road 
it  later  when  it  is  published.  It  is  entitled  "'Pater  problems  on  Inter¬ 
national  Streams"  by  Charles  D.  Curran,  Engineer,  Office  of  River  Control, 
International  Boundary  Commission,  El  Paso.  The  paper  will  be  read  for 
us  by  Mr.  Stanley. 

..Mr.  J.  W.  Stanley  then  road  the  paper  entitled  "'"a ter  Problems  on 
International  Streams"  by  Charles  D.  Curran.  Sec  page  73. 

CHAI .<MAN  WORK :  Tib  certainly  thank  Mr.  Curran  for  this  paper.  Are 
there  any  comments?  (None) 

The  next  speaker  on  the  program,  Forrest  Rhodes,  Program.  Director, 
Cooperative  Snow  Investigations  of  the  Army  Engineer  Corps  and  the  ’./ba¬ 
ther  Bureau,  cooperating,  is  not  here,  but  we  are  fortunate  in  having 
with  us  Walter  Wilson  of  the  TJ.  S.  Weather  Bureau,  who  is  the  Chief  of 
the  Analysis  Unit  of  that  project.  'Palter  has  consented  to'’ give  us 
briefly  an  outline  of  the  work  that  is  currently  being  accomplished.  A 
full  written  account  will  be  in  the  transcript  of  this  meeting.  Mr.  .ilson. 

..Mr.  ’Palter  Wilson  then  presented  the  paper  entitled  "Progress 
Report  from  Cooperative  Snow  Investigations"  by  Forrest  L.  ithodes. 

(Not  available  for  publication  at  this  time* 
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CHAI-cMM  W OjxK :  That  was  a  very  fine  resume,  Mr.  '.Til son,  of  tho  work 
you  people  have  under  way.  Arc  thoro  questions  that  any  of  you  would 
like  to  ask  Mr.  Wilson.? 

Mil.  HARIS  F.  BLANEY :  Some  of  us  haven’t  received  his  progress  report. 

CHAIRMAN  WORK:  How  does  one  go  about  getting  on  that  mailing  list? 

Mlt.  WILSON:  You  may  address  the  request  to  Forrest  L.  Abodes,  Pro¬ 
gram  Director,  Cooperative  Snow  Investigations,  South  Pacific  Division, 
Corps  of  Engineers,  Oakland  Army  Base,  Oakland,  California.  I  won’t 
guarantee  that  you  will  all  get  copies  of  these  reports.  There  arc  500 
printed  and  something  like  400  distributed  to  Operations  offices  of  tho 
Corps,  to  Engineers,  and  to  the  Bureau  and  other  agencies,  in  a  smaller 
number— agencies  participating  to  a  limited  extent  with  the  program.  "Je 
have,  I  think,  something  like  50  additional  copies  that  aren’t  accounted 
for.  If  you  are  members  of  agencies  that  already  get  copies  those,  you 
may  have  to  bo  satisfied  with  the  file  copy  rather  than  getting  an  orig¬ 
inal  copy.  Wo  aro  using  public  funds  for  this  and  want  to  make  the 
results  as  useful  as  wc  can  to  everybody  who  has  a  legitimate  interest 
in  hydrology. 

CHAIRMAN  WOrK*  Thank  you  very  much,  Halter.  Now  wc  come  to  tho 
concluding  phase  of  tho  program.  The  boss  called  me  up  last  night  and 
said,  ”1  have  to  catch  a  plane  for  kashington,  so  I  would  appreciate  your 
leading  the  discussion  for  mo.”  So  here  I  am  pinch-hitting  for  George 
Clyde,  Chief,  Division  of  Irrigation. 

Wc  want  to  got  your  opinions  on  'the  present  and  future  value  of 
this  Committee,  and  I  think  the  group  should  definitely  express  itself 
as  to  the  future  program  that  the  Committee  ought  to  seek  to  follow  cut. 
Maybe  the  objectives  of  the  Committee  ought  to  be  redefined. 

..Chairman  work  then  read  a  paper  on  the  subject.-  Mr.  Clyde’s  out¬ 
line  follows: 

MS.  CLYDE 


PROBLEM: 

The  Drainage  Basin  of  the  Colorado  .aver  covers  245,000  squo.ro  miles 
in  Wyoming,  Utah,  Colorado,  New  Mexico,  Arizona,  Nevada  and  California. 

It  is  estimated  that  75  percent  of  the  flow  of  this  river  comes  from  the 
accumulated  snow  cover  on  the  higher  areas  of  tho  water  shod.  This  water 
in  snow  storage  can  bo  and  is  measured  by  moans  of  seasonal  snow  surveys 
over  the  entire  watershed  before  appreciable  melting  has  taken  place. 
Based  upon  these  measurements  of  water  in  snow  storage  and  supplemented 
by  motooroligical  and  physical  data,  forecasts  os  water  available  at 
specific  points  along  tho  stream  and  for  specific  seasons  can  be  and  aro 
being  made* 

Because  cf  the  vital  importance  of  water  to  tho  economy  of  the  west 
and  because  of  tho  multiplicity  of  uses,  many  agencies,  federal,  state 
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and  private,  are  interested  in  the  water  supply  forecasts.  Due  to  the  dif' 
foront  uses  of  water,  each  of  these  agencies  may  make  their  own  interpre¬ 
tation  of  the  measurements  of  snow  cover. 


In  order  to  exchange  ideas  and  to  develop  refinements  in  forecast 
procedure  and  to  disseminate  information  relating  to  factors  affecting  the 
water  supply,  the  Colorado  aver  Forecast  Committee  was  organized. 

Hie  objectives  of  the  committee  may  bo  stated  as  follows. 

1.  To  present  to  interested  parties  the  results  of  seasonal  snow 
cover  measurements  on  the  high  watersheds  of  the  Colorado  diver  .Basin, 


2.  To  study  and  discuss  the  effoct  of  related  meteorological  and., 
physical  factors  on  the  water  supply  forecasts  and  the  utilization  of 
the  water  from  the  Colorado  River. 


3.  To 
refinements 


spread  useful  information  and  exchange  ideas  relating  to 
of  water  supply  forecasts  and  the  use  of  snow  cover  data. 


4.  To 
each  of  the 
of  holdover 


present  statements  of  potential  water  supply  conditions 
states  contributing  to  the  flow  of  the  Colorado  and  tho 
storage  in  reservoirs. 


in 

s  tatus 


FdOGEESS : 


1.  This  is  tho  5th  annual  meeting,  dll  meetings  except  the  4th 
have  been  hold  in  Los  Angelos. 

2.  Mimeographed  reports  have  boon  issued  covering  each  of  these 
meetings.  These  reports  have  boon  made  possible  through  tho  courtesy  and 
support  of  the : 

(a)  Metropolitan  'later  District 

(b)  Department  of  ’later  &  Power,  City  of  Los  Angelos 

(c)  Southern  California  Edison  Company 

3.  Many  interesting  and  important  papers  and  analyses  have  been 
recorded  in  these  reports..  There  has  been  considerable  demand  for 
copies  of  thorn. 

FINANCING: 


1.  No  dues 

2.  No  means  of  financing 

3.  Have  relied  on  support  of  friends  in  Los  Angelos  for 
reproducing  reports. 

4.  Mimeographing  by  SCS 


This  is  not  too  satisfactory 
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FUTURE : 


After  five  years'  experience,  it  is  time  to  take  stock  of  the  results 

Is  this  activity  worthwhile? 

Should  it  be  continued? 

If  so,  on  what  basis? 

How  should  it  be  financed? 

bihen  and  where  should  meetings  bo  hold? 

Should  the  procedures  and  presentations  be  modified? 

’.That  is  your  pleasure? 


CHAIEMAN  ",70-tK:  'Tell,  that  explains  briefly  whore  we  have  been.  How, 
the  question  is;  "There  do  we  go? 

Concerning  the  financing  of  this  Committee,  there  are  no  dues. 

There  are  no  means  of  financing.  'Vo  have  always  relied  upon  the  Commit¬ 
tee's  good  friends  in  the  City  of  Los  Angelos  to  meet  the  expenses  of 
transcribing  the  meetings  and  making  the  information  available  for  repro¬ 
duction.  The  Soil  Conservation  Service  and  the  Colorado  Agricultural 
Experiment  Station  have  met  the  costs  from  there  on  out.  That  was  not 
satisfactory  last  year  when  the  meeting  was  hold  out  of  Los  Angelos* 

The  meeting  was  held  in  lie  no,  I  think  the  three  agencies  in  Los  ...ngelos 
that  had  been  financing  the  costs  of  recording  the  meetings  didn't  think 
it  was  fair  for  them  to  stand  the  cost  of  a  mooting  being  held  in  lie  no, 
Nevada. 

Chief  Clyde  asked  some  very  pointed  questions:  "1#  *.7e  have  been 

holding  mootings  of  the  Committee  for  five  years.  Perhaps  we  now  can 
form  mature  judgment  of  the  following  points: 

"Is  this  activity  worth  while?  Should  it  bo  continued?  If  so,  on 
what  basis?  A  different  type  of  organization?  rotating  the  meetings? 
Meetings  more  in  the  center  of  the  basin?  Just  what  should  be  the  future 
program?  How  should  it  be  financed?  '"Then  and  where  should  the  meetings 
bo  held?" 

Chief  Clyde  wasn't  stingy  with  his  questions.  He  throws  the  whole 
thing  open  for  discussion.  I  think  that  is  a  fine  idea,  and  just  to 
start  tho  discussion  off,  I  know  Jimmy  Jones  is  all  primed  with  explosive 
energy  and  a  lot  of  ideas.  ’Till  you  start  the  discussion,  Jimmy? 

..Mr.  James  E.  Jones  then  read  a  paper  on  the  subject  under  discus¬ 
sion.  Mr.  Jones's  remarks  follows: 

Mix.  J ONE  8 

Tho  Colorado  Idvcr  '  a  tar  Forecast  Committee  meeting  is  only  one  of 
several  of  similar  character,  or  purpose-,  and  to  function  should  be  able 
to  justify  its  continuance  as  a  separate  gathering.  For  this  reason  the 
following  remarks  arc  offered  for  your  consideration. 
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Tho  ■western  forecastmnn  is  a  large  multiple  and  he  has  a  lot  to 
learn  that  can  host  he  done  by  getting  together  and  seeing  what  tho  other 
chap  is  developing  into  an  improved  system.  Frankly,  tho  close  associa¬ 
tion  of  the  many  men  engaged  in  this  work  is  a  thing  that  yields  results 
not  possible  of  transmission  by  formal  reports. 

Via  feel  that  there  is  a  specific  need  for  a  summo.tien  or  analysis  of 
tho  changes  that  have  taken  place  in  the  forecasting  from  snow  survey 
data,  and  it  is  desirable  to  know  whether  or  not  improvements  have  resul¬ 
ted  in  this  activity. 

Tho  problem  of  operating  water  and  power  facilities  within  the  mini¬ 
mum  and  maximum  water  limits  imposed  is  a  far-rcaching  problem  and  defin¬ 
itely  related  to  tho  accuracy  of  snow  survey  and  forecasting* 

The  economy  measures  of  the  federal  government  may  require  the 
elimination  of  some  of  the  gauging  stations.  This  can  have  a  very 
detrimental  effect  upon  long-time  studies  and  is  worthy  of  discussion* 

The  review  of  tho  various  forecasts  by  each  of  the  organizations 
represented  is  always  of  interest. 

The  situation  scorns  to  have  reduced  to  one  whore  it  is  desirable 
to  hold  a  general  mooting  annually  where  discussion  can  be  hold  covering 
forecast  procedure  methods,  field  operations  and  transportation,  results 
of  actual  forecasts  made  and  tho  reasons  why  they  varied  from  actual  dis¬ 
charges,  and  improvements  in  any  line  believed  to  be  of  benefit  to  tho 
parties  participating. 


Tho  disadvantages  of  the  present  system  are  that  the  gatherings  tend 
to  be  more  local  in  nature  and  do  not  always  give  the  benefit  that  accrues 
when  more  distant  people  can,  or  do,  attend  and  inject  ideas;  the  atten¬ 
dance  upon  a  local  meeting  may  preclude  the  attendance  upon  the  more 
desirable,  but  more  distant,  gathering;  the  usual  corporation  is  more 
than  willing  to  permit,  in  fact  encourage,  its  employees  to  attend  gath¬ 
erings  where  work  benefits  can  be  said  to  be  obtainable,  but  seems  to 
believe  that  where  the  subject  matter  has  been  discussed  once  that  future 
benefits  may  be  doubtful;  corporations  naturally  desire  some  return  for 
money  invested,  either  as  time  of  employees  or  cash,  and  where  they 'can¬ 
not  be  shown  some  advantage  the  tendency  is  to  slow  down  on  granting  per¬ 
mission  to  be  absent  from  regular  work. 

The  restrictions  under  which  the  employee  of  a  corporation,  either 
municipal  or  public  service,  operates  makes  it  necessary  that  he  show 
values  received  for  expenses  incurred.  These  values  may  be  either 
gres-ter  cash  returns  or  increased  results  in  service  efforts. 

The  continuance  of  the  Forecast  Committee  as  a  general  gathering 
requires  the  attendance  of  tho  corporation  employee  and  it  is  necessary 
that  ho  be  enabled  to  demonstrate  actual  value  for  each  gathering.  For 
these  reasons  we  ask  your  consideration* 


CHAIRMAN  WORK:  I  think  we  should  hear  first  from  the  throe  agencies 
that  have  a  financial  stake  in  this  thing.  I  think  we  should  hear  next 
from  the  Edison  Company.  Is  there  someone  here  who  can  .and  will  speak 
for  the  Edison  Company. 

MR,  LANG:  I  can't  speak  for  the  company,  but  I  will  speak  for  myself 

CHAIRMAN  WORK :  All  right. 

MR.  LANG:  I  fool  rather  the  same  as  Jimmy  Jones.  That  is,  we  have 
a  meeting  of  the  Western  Snow  Conference  held  in  one  place,  and  a  meeting 
of  the  Colorado  Forecast  Committee  held  some  place  else,  and  the  A.  G.  U. 
in  another  place--last  year  the  A.  G.  U.  mot  at  Berkeley  and  the  Colorado 
Forecast  Committee  met  in  Reno,  This  year,  we  have  the  Colorado  Fore- 
cast  Committee  in  Los  Angeles,  and  the  A.  G.  U.  meeting  in  Denver.  I  do 
fool  that  for  a  great  many  who  have  common  interests,  the  whole  thing 
could  bo  thrown  into  one  pot  and  there  could  bo  one  meeting.  It  might  be 
better  than  to  have  two  or  throe  meetings  scattered  around  the  country. 
That  is  my  personal  opinion.  I  don't  put  up  the  money. 

CHAIRMAN  VfORK:  I  haven't  seen  Mr.  Elder  from  the  Lie tropolitan 
Wa  te  r  District. 

MR.  BLANEY :  Mr.  Chairman,  Mr.  C.  C.  Elder  called  me  before  leaving 
for  Washington  and  said  he  was  sorry  that  ho  couldn't  attnd  the  meeting, 
but  that  the  Metropolitan  Water  District  had  a  continued  interest  in 
this  meeting  and  program,  and  they  would  abide  by  whatever  decision  was 
made  by  those  present,  particularly  representatives  of  the  Southern  Cal¬ 
ifornia  Edison  Company  and  the  City  of  Los  Angeles.  I  think  Mr.  Elder 
probably  has  about  the  same  sentiments  that  Mr.  Lang  and  Mr.  Jones  have 
expressed  here  today. 

In  tint  connection,  I  might  also  state  that  Mike  Dowd  of  the  Imperial 
Irrigation  District  was  unable  to  attend  the  'meeting.  As  perhaps  you  know 
he  and  Raymond  Mathew,  of  the  Colorado  River  Board  of  California,  and 
Harold  Conkling,  Consulting  Engineer  for  the  Board,  are  in  Washington 
attending  hearings  in  the  controversy  between  .rizona  and  California. 

While  I  am  on  my  feet  I  would  like  to  express  my  appreciation  of  the 
fine  cooperation  given  by  Mr.  Lang,  Mr.  Jonos,  and  Mr.  Elder,  and  also 
Mr.  George  Gleason  of  the  State  Engineers'  Office  who  furnished  this 
mooting  place  and  has  provided  a  meeting  place  for  previous  mo  ting  in 
Los  Angelos. 

CHAIRMAN  WORK:  Another  principal  agency  on  the  receiving  end  of 
all  this  forecasting  is  the  Bureau  of  Reclamation.  There  arc  several 
representatives  here.  I  wonder  if  you  would  care  to  speak  for  the 
Bureau,  Mr.  Stanley? 

MR.  STANLEY:  You  don't  want  to  hoar  from  the  Department  of  Water 
and  Power? 


CHAIRMAN  WORK:  Yes,  hut  I  would  like  to  hear  from  you  right  now 
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MR.  STANLEY:  I  think  it  has  been  amply  demonstrated  here  today  that 
the  problem  of  forecasting  Colorado  River  flow  is  far  from  its  ultimate 
solution.  The  continued  exchange  of  ideas  and  the  examination  of  all 
our  methods  is  going  to  be  very  valuable#  The  question  as  to  where  that 
should  be  done,  whether  in  the  Colorado  Forecast  Committee  meeing  or  in 
connection  with  the  Western  Snow  Conference,  is  one  wo  hadn't  consid¬ 
ered  especially.  We  had  thought  the  Colorado  River  Water  Forecast  Com¬ 
mittee  was  important  enough  and  was  accomplishing  enough  that  we  would 
like  to  see  these  meetings,  as  such,  continued.  Of  course,  we  don't 
help  pay  the  bill.  I  am  not  in  a  position  to  put  up  any  money  to  that 
e  f  f  o  c  t , 

MR.  GEORGE  LEWIS:  I  should  like  to  give  my  opinion  as  an  individual, 
as  one  who  has  been  on  this  Committee  since  its  inception.  By  the  way, 

Mr.  Clyde  overlooked  one  primary  objective  of  this  Committee.  He  infer¬ 
red  as  much,  but  frankly,  the  purpose  of  it  was  to  reduce  the  error  of 
the  Colorado  River  Forecast.  At  the  time  it  xvas  conceived,  it  was  not 
uncommon  to  have  errors  as  much  as  40  per  cent  in  the  run-off  of  the 
Colorado  River,  and  it  was  thought  at  that  time  that  the  pooling  of  the 
knowledge  and  experience  of  the  different  forecasters  might  result,  or 
it  was  hoped  it  would  result,  in  a  reduction  of  that  error.  It  has 
undoubtedly  reduced  the  error,  and  in  other  channels,  it  has  improved 
the  procedure.  It  has  caused  some  considerable  interest  and  investiga¬ 
tion  into  the  methods  of  forecasting  the  run-off,  and  as  to  wchther  or 
not  it  should  be  continued,  I  believe  that  should  be  measured  by  what 
is  has  accomplished.  In  that  regard,  the  accomplishments  arc  better 
known  to  those  who  use  our  data  and  who  benefit  by  it.  Those  arc  the 
Power  Companies  and  the.  Metropolitan  Mater  District  and  those  who  pay 
for  it.  So  it  is  largely  up  to  them  to  determine  whether  or  not  what  has 
been  accomplished  is  xvorth  the  price. 

There  is  another  angle,  too,  as  to  whether  "the  Department  of  Recla¬ 
mation,  operating  the  Hoover  Dam,  would  ’welcome  further  help  from  tho 
Colorado  River  Water  Forecast  Committee.  Those  points  should  be  con¬ 
sidered  before  we  reach  any  definite  conclusion  as  to  whether  it  is 
worth  continuing,  or  not. 

CHAIRMAN  WORK:  Is  there  someone  else  who  would  wish  to  speak  for 
the  Bureau  of  Water  and  Power?  Mr.  Mason? 

MR.  MASON:  I  contacted  Mr.  Garmon,  tho  Chief  Electrical  Engineer, 
on  this  subject,  and  told  him  I  might  be  called  upon  to  comment  on  it. 

Ho  seemed  quite  favorable  for  tho  continuation  of  the  work.  The  possi¬ 
bility  of  its  being  carried  on  in  some  other  way  we  did  not  discuss,  but 
he  felt  that  because  of  the  personal  contacts  and  the  interchange  of 
ideas,  o.s  well  as  any  incroase  in  the  accuracy  of  tho  forecast,  that 
the  organization  should  be  carried  on. 

CHAIRMAN  WORK:  There  doesn't  seem  to  bo  much  question,  then,  gen¬ 
tlemen,  as  to  the  desirability  of  tho  objectives  of  this  Committee  being 
continued  in  one  way  or  another.  If  I  understand  you  correctly,  Mr. 

Jones,  Mr.  Lang,  Mr.  Lems,  Mr.  Sto.nloy,  and  Mr.  Mason,  you  all  seem  to 
state  definitely  that  this  Committee  is  performing  a  worthwhile  task,  is 
filling  a  need.  To  settle  that  conclusively,  I  would  like  to  o.sk  ii 
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there  is  anyone  in  tho  room  who  fools  that  the  Committee  is  not  per¬ 
forming  a  useful  function?  (None) 

All  right,  it  seems  unanimously  demonstrated  that  the  Committee  is 
desired,  that  tho  Committee  is  functioning,  that  the  Committee  is  pro¬ 
ducing  'to  some  extent  at  least,  what  is  needed. 

Nov/,  tho  question  becomes:  How  can  the  Committed  orient  its  organi¬ 
zation  and  its  possible  affiliation  with  other  forecast  committees  or 
vdth  other  groups  to  get  the  same  re  suits  or  bettor  results,  and  yet 
meet  the  objections  that  those  gentlemen  have  raised  that  too  many 
meetings  are  being  held  each  year. 

Now,  Mr.  Jones  suggested  that  this  meeting  be  combined  with  the 
meetings  of  other  forecast  committees,  vdth  tho  annual  meeting  of  the 
Snow  Conference,  and  possibly  with  some  section  of  the  A.  G.  U.,  all 
into  one  bang-up  annual  meeting.  I  will  call  on  Mr.  Houston  of  tho  Soil 
Conservation  Service  who  has  had  some  experience  with  forecast  commit¬ 
tees  to  give  us  his  slant  on  that. 

ME.  HOUSTON:  Sometimes  I  doubt  whether  the  Columbia  Basin  people 
would  bo  interested  in  moving  out  of  their  area  to  join  with  another 
group.  That  is  my  personal  opinion.  They  have  boon  going  for  about 
11  or  12  years,  and  it  has  been  quite  a  satisfactory  arrangement.  I 
agree  vdth  these  other  gentlemen  that  we  could  combine  some  of  these 
meetings  and  benefit  by  attendance  at  such  things  as  tho  Tib  stern  Snow 
Conference  and  the  A.  G.  U.,  which  we  may  have  to  miss  now.  As  to  how 
it  should  bo  done,  I  don't  know. 

CH/iIHvLtiN  ’TO Eli :  -‘ihat  do  you  think  about  that,  John? 

MR.  STANLEY:  Somehow,  I  think  a  mooting  of  the  date r  Forecast  Com¬ 
mittee  by  itself  is  important.  Perhaps  we  could  adjust  our  program,  in 
this  wa  y:  that  we  aim  mostly  toward  exchanging  of  ideas  and  examination 
of  each  other's  methods  and  learning  all  about  them  that  we  can.  Hie 
papers  that  are  presente  d  at  tho  Tie  stern  Snow  Conference  and  the  A.  G.  U. 
on  snow  forecasting  have  a  lot  of  value  and  are  technical,  but  it  is  a 
little  different  from  what  I  thought  wc  are  supposed  to  be  trying  to  got 
out  of  these  meetings --that  is,  the  actual  getting  together  on  the  pro¬ 
blems  we  have  and  helping  each  other  to  solve  the  problems.  Do  you  soe 
who.t  I  am  shooting  at  there? 

CHAIRMAN  WORK:  Yes.  'That  do  you  think,  Mr.  Rupp? 

MR.  RUPP:  It  seems  to  me  tho  question  that  Mr.  Jones  raised  is 
rather  valid,  even  from  the  standpoint  of  Federal  Agencies.  It  is  dif¬ 
ficult  to  justify  transport  to  various  different  me  tings,  and  if  we 
could  consolidate  them  and  retain  these  meritorious  parts  of  it  in  a 
side  meeting,  as  Mr.  Jones  suggested,  I  would  fool  that  it  would  defin¬ 
itely  be  a  good  move.  It  would  not  only  distribute  to  others  the  things 
we  gain,  but  also  let  more  of  us  participate  in  a  single  meeting  and 
obtain  tho  benefit  of  the  things  that  are  presented  at  those  meetings. 


CHAIIMAN  WORK:  How  do  you  feel  about  this,  Georgo? 
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MR.  GEORGE  DERIS :  I  can  sec  the  benefit  of  combining  this  mooting 
with  tho  A.  G.  U.  or  -with  tho  Western  Snow  Conference,  because  as  Mr. 

Rupp  just  explained,  many  of  the  problems  that  we  may  solve  would  be 
equally  interesting  to  all  those  people,  and  wo  could  divulge  a  good 
deal  more  information  at  a  single  meeting  than  we  could  at  this  one. 
However,  it  would  require  considerable  investigation  or  arrangement  to 
line  it  up.  I  might  make  a  suggestion  that  you  appoint  a  committee  to 
follow'  up  tho  opinion  as  expressed  here,  contact  either  the  A,  G.  U  or 
Western  Snow  Conference  and  make  the  arrangements,  if  that  is  tho  concen¬ 
sus  of  opinion.  Personally,  I  think  it  is  a  good  idea,  but,  in  any 
event,  I  still  claim  that  tho  criterion  to  go  by  is  the  wish  of  the  peo¬ 
ple  that  pay  for  the  publication  and  pay  our  wages  while  we  arc  here. 
Their  voice  should  over-ride  ours. 

CIIAIHMAH  WORK:  The  sentiment,  as  I  have  it  from  tho  Bureau  of 
Power  and  Light,  tho  Edison  Company  and  tho  Bureau  of  Reclamation,  and 
from  what  Mr.  Blaney  said  of  the  attitude  of  tho  Metropolitan  Water  Dis¬ 
trict,  is  that  those  agencies  want  the  forecast  meetings  continued  and 
they  want  forecasting  procedures  broadened  and  improved.  Also  they 
would  like  to  have  their  employees  given  an  opportunity,  however,  to 
perhaps  make  one  trip  to  one  meeting  a  year  to  get  all  that  information* 

If  it  meets  with  the  approval  of  the  group,  I  will  appoint  a  com¬ 
mittee  of  three  members  to  got  together  with  tho  Western  Snow  Confer¬ 
ence  for  the  purpose  of  sounding  out  the  conference  to  de terming  if  tho 
Western  Snow  Conference  will  welcome  the  attachment  of  tho  Colorado 
River  Water  Forecast  Committee  to  the  Western  Snow  Conference  in  the 
future  as  a  section,  so  to  speak,  which  would  bo  entitled  to  have  its 
own  separate  mooting  for  consideration  of  its  own  particular  problems, 
and  also,  then,  to  share  in  the  deliberations  of  the  entire  conference j 
and  with  the  further  thought  that  this  Committee  of  three  will  sound  out 
the  Western  Snow  Conference  on  the  Western  Snow  Conference’s  paying  the 
bill.  Of  course,  tho  Western  Snow  Conference  must  thon  approach  the 
Edison  Company  and  the  Bureau  of  Water  a.nd  Power,  and  tho  Metropolitan 
Water  District  as  contributing  subscribers  to  the  Western  Snow  Confer¬ 
ence.  It  might  just  possibly  mean  a  slight  increase  in  the  contributing 
subscribers  to  the  Western  Snow  Conference,  It  might  just  possibly  mean 
a  slight  increase  in  tho  contribution  for  which  they  would  be  solicited 
for.  How,  let’s  have  a  little  discussion  on  that, 

MR.  WAITER  'MLS OH :  I  think  that  everybody  would  got  more  for  his 
money  by  being  able  to  attend  all  these  meetings  without  having  to 
travel  to  more  than  one.  I  was  just  up  at  Portland  earlier  this  week. 

I  think  my  co.sc  is  typical.  I  just  happened  to  be  there  for  the  other 
conferences,  and  stayed  over  an  extra,  day  and  participated  in  part  in 
the  Colimbia  Committee.  I  wouldn’t  havo  come  here,  except  for  the  fact 
that  Mr.  Rhodes  was  unable  to  come,  and  it  seemed  important  for  our 
program  to  be  represented  by  one  person.  Only  one  member  of  our  group 
is  going  to  Denver.  I  happen  to  be  that  person.  By  an  odd  coincidc.nco 
I  happen  to  be  going  to  these  meetings,  but  it  would  have  been  better 
if  I  could  have  gone  to  only  one. 

It  is  not,  perhaps,  entirely  coincidence  that  the  very  things  you 
have  been  talking  about  are  also  under  consideration  by  the  A*  G.  U. 
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An  advisory  group  has  been  appointed  in  the  west  hero  to  consider  a  more 
formal  regionalization  of  the  A.  G.  U.,  itself.  I  suggest  that  if  it 
is  the  judgment  of  this  group  that  the  A.  G.  U.  should  be  considered  in 
addition  to  the  Western  Snow  Conference,  that  collaboration  be  had  with 
this  group,  the  chairman  of  which  is  Dr.  Veihmeyor-.  Mr.  Jones  has  already 
described  a  meeting  which  would  be  in  some  central  place,  with  part  of 
the  meeting  divided  into  small  groups  discussing  such  problems  as  Colo¬ 
rado,  Columbia,  California,  and  other  regional  problems.  All  of  us  would 
benefit  from  that  more  than  wo  could  from  a  single  meeting  such  as  this, 
and  there  would  be  general  problems  of  interest  to  all  of  us.  Perhaps 
some  of  the  papers  presented  at  this  composite  meeting  would  be  pub¬ 
lished  by  the  A.  G.  U.;  perhaps  some  by  the  Snow  Surveyor’s  Form.  It  is 
entirely  possible  that  all  the  papers  would  be  accommodated  by  those 
two  publications. 

HR.  BL&NEY :  Mr.  Chairman,  I  am  sorry  that  Mr.  Stockwell  isn't 
here,  bocause  some  of  the  things  you  have  discussed  right  now  ho  has 
attempted  to  do  with  Mr.  Par  shall.  I  am  a  member  of  the  Executive  Com¬ 
mittee  of  the  South  Pacific  Section  of  the  A.  G.  U. ,  and  we  took  up  with 
Dr.  Vcihmeer  the  matter  of  combining  this  meeting  with  the  A.  G.  U. 
meeting,  which  was  hold  at  U.  C.  L.  A.  in  February. 

As  I  understand  it,  most  of  the  University  people  can't  come  any 
time  except  during  their  vacation  period,  which  occurs  in  February,  and 
that  was  too  early  for  our  meeting  here.  Mr.  Parshall  and  Mr,  Stockwell 
from  my  correspondence  with  then,  attempted  to  combine  this  meeting 
with  the  Snow  Survey  and  the  A.  G.  TJ.  meeting  at  Denver,  Nov/,  I  don't 
know  just  what  the  difficulty  was  there,  but  apparently  it  wasn’t  suc¬ 
cessful,  If  you  are  considering  a’ meeting  for  next  year,  and  are  con¬ 
sidering  holding  it  in  Los  Angeles,  I  would  like  to  call  your  attention 
to  the  fact  that  the  American  Society  of  Engineers  are  going  to  have 
their  spring  meeting  in  Los  Angeles.  They  haven't  had  one  here  for 
seven  years.  They  are  holding  it  this  year  in  Oklahoma  City.  In  April 
in  Los  Angelos,  the  Irrigation  Section  of  the  Society  are  going  to  con¬ 
sider,  probably,  the  problems  of  the  Colorado  River.  Also,  the  Hydrau¬ 
lics  Section,  which  Mr.  Barr  is  acting  on,  will  probably  give  papers  on 
sedimentation  in  reservoirs.  That  is  usually  hold  about  the  middle  of 
April. 


CHAIRMAN  WORK:  Let  me  give  you  just  a  little  history,  then,  on 
the  efforts  that  have  religiously  boon  made  to  coordinate  the  activities 
of  this  Committee  to  those  of  the  Snow  Conference  and  the  A.  G.  U. 

We  tried  last  year  to  arrange  a  throe -way  meeting  between  the  Colo¬ 
rado  River  Forecast  Committee,  the  Snow  Conference,  and  the  A.  G.  U, 
and  the  A.  G.  U.  dates  were  rather  inflexible.  As  Harry  pointed  out,  it 
was  a  February  meeting.  I  won't  say  the  meeting  date  of  this  Committee' 
is  fixed  hard  and  fast,  but  after  all,  wo  are  dealing  with  a  timely  sub¬ 
ject:  "What  is  the  flow  of  the  Colora.do  River  going  to  be?",  so  wc 

don’t  have  much  latitude  as  to  date  of  mooting. 

We  don’t  know  what  it  is  going  to  bo  in  February,  and  certainly,  a 
year  from  February  is  much  too  lato.  In  other  words,  this  mooting  is 
being  held  now  within  probably  a  very  few  days  cither  one  way  or  tho 
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other  of  when  it  ought  to  be  held,  because  we  arc  grinding  through  our 
grist  here  of  timely  current  data,  and  the  stuff  has  to  be  timely  or  it 
is  of  ho  value* 

So,  there  arc  two  things  that  are  almost  irreconcilable:  The  A.  G. 
U.  winter  meeting  schedule,  and  the  Colorado  Forecast  Committee  mid- 
April  meeting  schedule. 

Now,  we  did  reconcile  that  as  far  as  the  lies  tern  Snow  Conference  is 
concerned.  The  Snow  Conference  met  last  year  the  middle  of  April.  They 
arc  mooting  this  year  toward  the  latter  part  of  April,  and  April  meetings 
work  out  all  right  for  the  Snow  Conference.  Then,  there  is  another 
thing,  too.  The  A.  G.  U.  apparently  is  taking  the  attitude  that  the 
Snow  Conference  is  coming  of  ago.  The  mature  counsel  that  the  Snow  Con¬ 
ference  received  for  many  years  from  the  A.  G,  U.,  the  financial  support 
it  received,  and  the  old  brotherly  lift  on  the  elbow  that  it  received, 
have  not  been  noticeable  in  recent  years.  The  Snow  Conference,  frankly, 
is  more  or  loss  on  its  own.  It  has  been  compelled  to  finance  the  publi¬ 
cation  of  its  own  transo.ctions  • 

Now,  I  don't  say  that  is  good,  and  I  don’t  say  it  is  bad.  It  is 
just  something  that  happened.  The  Snow  Conference  is  going  to  have  a 
whale  of  a  good  meeting  in  Denver.  They  are  going  to  finance  their  own 
publication.  Hie  Western  Snow  Conference  is  going  to  be  able  to  make 
its  own  way.  It  is  doing  it  now,  and  I  don’t  know,  "falter,  about  the 
idea  of  getting  this  all  too  complicated  right  now.  I  think  if  we  try 
to  work  out  a  tie-up  with  the  Western  Snow  Conference  and  simultaneously 
tie -up  with  the  A.  G.  U.,  wo  will  run  into  too  much  confusion,  I  would 
rather  see  us  just  tied  up  with  the  Western  Snow  Conference,  if  they 
want  us,  and  work  out  the  A.  A  it.  idea  later,  perhaps,  if  other  things 
seem  propitious.  But  you  know  the  background  on  that  as  well  as  I  do, 
Walter,  I  really  don’t  think  we  ought  to  consider  that  at  this  moment. 

Is  there  any  further  discussion  on  this  particular  point? 

MR.  RUPP:  Even  if,  as  Mr.  Lewis  suggested,  a  Committee  is  appointed 
to  investigate  this  combination,  or  if  it  is  done  through  some  other 
means,  would  there  be  any  harm,  though,  in  contacting  the  A.  G.  U.  to 
see  what  they  could  do?  It  wouldn’t  necessarily  commit  anybody,  but 
just  bring  it  to  their  attention. 

CHAIRMAN  WORK:  No,  there  would  be  no  harm  done.  The  question 
might  become:  "Who  should  contact  them  for  what?" 

MR.  RUPP:  I  am  assuming  you  would  have  either  a  committee  formed 
or  someone  in  the  permanent  committee  would  make  the  arrangements  for 
the  combination  of  whoever  they  would  combine  with.  In  other  words, 
somebody  will  be  appointed  to  have  it  upon  himself. 

CHAIRMAN  WORK:  I  think  the  duties  of  this  committee  ought  to  bo 
pretty  well  defined  for  them.  The  Committee  should  havo  all  tho  latitude 
in  the  world  in  carrying  out  tho  arrangements  that  they  arc  to  make  with¬ 
in  the  general  sphere  of  what  they  are  told  to  accomplish,  but  I  am  not 
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in  favor  of  getting  this  thing  all  spread  out  aide  right  now,  ’.7a  1  tor.  ■ 

I  would  rather  investigate  a  concrete  suggestion  that  has  been  made  here 
today,  that  we  affiliate  with  the  "western  Snow  Conference  and  get  them 
to  finance  these  little  transactions  here,  which  can  stand  on  their  own 
feet  as  transactions  of  the  Colorado  Forecast  Committee,  and  then  go  in¬ 
to  this  other  affiliation  with  the  A.  G.  U.,  later. 

But  here  is  the  thing  I  have  been  a  little  afraid  about  in  these 
meetings,  something  I  had  hoped  would  come  about  in  the  Forecast  Commit¬ 
tee  today,  and  that  didn’t  come  about,  and  that  is  a  rather  de toiled, 
study  of  ’'How  come  this  estimate,  and  how  come  that  one?"  (Referring  to 
estimates  on  blackboard)  It  seems  to  me  that  is  the  purpose  of  this 
Forecast  Committee  to  really  get  in  and  got  on  the  mat  and  say:  '"Thy 
is  this  forecast  high?  ‘Thy  is  this  forecast  low?"  Perhaps  the  authors 
of  these  forecasts  could  gain  information  from  someone  else  in  this 
meeting  that  would  conclusively  indicate  to  them  that  they  ought  to  come 
up  a  little  or  come  down  a  little,  and  thereby  produce  a  moro  reliable 
forecast  figure  that  these  operating  agencies  can  use.  But  wo  didn’t 
got  into  that  at  all  today.  Tfe  had  some  mighty  fine  papers  on  the  long 
range  aspects  and  long  range  ambitions,  but  we  didn’t  get  down  to  that 
little  trifling  detail  of:  How  come  the  difference  between  8,600,000 
and  12,000,000.  I  may  be  wrong,  but  I  always  thought  that  should  be  the 
job  of  this  Committee. 

MR.  GEORGE  LETIS :  I  agree  with  you,  and  I  made,  a  suggestion- -this 
will  be  the  third  time--that  we  should  go  back  and  look  over  what  we 
have  done  and  evaluate  it  and  make  a  study  of  the  different  forecasts 
all  the  way  back  for  the  five  years  and  see  what  system  or  what  method 
produced  the  usable  forecast  within  the  limits  of  accepted  error,  so 
that  sooner  or  later  we  can  begin  to  point  toward  that  system  or  for¬ 
mula  which  will  give  us  the  best  forecast.  As  I  say,  I  suggested  that 
two  or  three  times  before,  but  apparently,  no  one  has  the  incentive  to 
do  it.  But  sooner  or  later  we  will  have  to  cast  up  the  account  and  see 
what  we  have  accomplished.  TJe  come  here  and  one  makes  an  estimate  of 
12,000,000  and  another  8,600,000.  'There  is  quite  a  differential.  Cer¬ 
tainly  there  is  a  reason  in  the  preparation  of  their  forecasts  for  that 
difference,  and,  as  you  explained,  it  can’t  be  made  in  any  one  forecast 
meeting,  but  if  at  our  meeting  next  year  a  study  can  bo  made  of  all  pre¬ 
vious  forecasts  and  where  the  error  occurs  and  why,  we  would  certainly 
learn  something  from  it. 

CHAIRMAN  TJORK:  Do  you  think,  George,  that  we  ought  to  work  that  out, 
or  some  variation  of  that,  as  a  definite  part  of  next  year’s  program? 

MR.  LEVriS:  That  will  give  you  a  guide  post  by  which  to  proceed.  At 
least,  it  is  a  matter  of  lining  up  what  is  to  come  in  the  future,  and 
that  is  one  of  the  questions  that  is  to  be  decided  here e 

MR.  STANLEY:  I  agree  with  both  of  you,  Mr.  Lewis  and  Mr.  Work,  and 
something  like  that  was  what  I  was  getting  at  a  while  ago  when  I  spoke 
of  the  difference  between  the  purpose  of  our  meeting  and  the  Tie  stern 
Snow  Conference.  The  ’Testern  Snow  Conference  should  be  more  formal  and 
have  papers  of  a  formal  nature  prepared.  Here,  our  purpose  is  a  little 
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bit  different,  and  it  seemed  to  me  our  program,  in  some  phases  today 
is  a  little  more  formal.  This  job  you  mentioned  is  the  one  we  have  to 
do  here  and  should  do, 

MR.  LANG:  I  want  to  clear  up  a  point  some  of  you  may  be  laboring 
under.  We  are  not  talking  for  the  abolition  of  the  Committee,  We  are 
just  talking  about  consolidating  the  meetings, 

CHAIRMAN  WORK:  I  think  we  understand  that  clearly,  I  don’t  think 
anybody  had  any  other  impression  at  all. 

Perhaps  it  would  be  best  if  we  had  a  motion  that  a  Committee  of  three 
men— or  five  men,  or  whatever  you  think  best — bo  appointed  by  the  Chair¬ 
man  to  work  with  the  Western  Snow  Conference  in  an  effort  to  work  out  an 
amalgamation  of  some  sort.  If  we  had  such  a  motion  before  the  house,  wo 
could  put  that  to  a  vote, 

MR.  LEWIS:  I  will  make  the  motion, 

CHAIRMAN  WORK:  Phro.se  it,  will  you,  George? 

MR.  LEWIS:  It  should  road  as  you  gave  it  there:  That  a'  Committeo- 
the  members  of  which  I  think  should  bo  allotted  by  the  Chairman--- 1  am 
not  going  to  indicate  how  many--of  tho  members  be  appointed  to  inves¬ 
tigate  the  possibility  of  combining  the  Colorado  River  Forecast  Com¬ 
mittee  meetings  with  the  Western  Snow  Survey  Conference,  and  to  carry 
out  such  measures  as  arc  necessary  to  complete  the  arrangements  in  timo 
for  the  meeting  next  year. 

We  had  just  as  well  authorize  the  Committee  tc  go  ahead  and  make  the 
arrangements  instead  of  having  to  report  back.  What  do  you  think?  If 
they  are  cognizant  of  our  desires  and  know  the  wishes  of  the  mombers, 
they  can  go  right  ahead  and  complete  the  negotiations, 

CHAIRMAN  WORK:  I  think  so,  George, 

MR,  LEWIS:  Othorwi se,  they  report  back  and  forth  and  next  year  wo 
would  have  to  listen  to  the  Committee's  report  instead  of  attending  the 
Conference, 

CHAIRMAN  WORK:  Is  there  a  second  to  tho  motion? 

MR.  RUPP.  Would  there  be  any  need  to  state  a  time  limit  within  which 
this  Committee  is  to  make  arrangements  to  combine? 

MR.  LEWIS:  In  time  for  next  year, 

MR.  RUPP:  Wo  are  assuming  now,  of  course,  that  the  Snow  Conference 
is  held  at  a  time  that  would  fit  tho  needs  of  this  Committee. 

CHAIRMAN  WORK:  We  are  assuming  that  this  Committee  might  be  able  to 
induce  the  Snow  Conference  to  hold  their  mootings  at  a  suitable  time , 
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MR.  RUPP:  That  is  not  specifically  in  the  motion. 

MR.  LEWIS:  No,  but  the  Committee  mil  be  empowered  to  select  the 
date  if  it  suits  them.  It  may  be  possible  that  they  can  make  no  arrange- 
ments,  in  which  case  they  will  so  report.  But  let  us  empower  them  to 
make  all  arrangements  within  their  own  judgment.  They  know  what  the 
members  want.  They  know  what  the  motion  is.  Let’s  give  them  the  power 
to  go  ahead  and  complete  the  deal  to  the  best  of  their  judgment, 

CHAIRMAN  ‘YORK:  Is  there  a  second? 

MR.  IIARLOMS  STAFFORD:  I  second  the  motion. 

CIIAIHLtAIv  ’YORK:  All  those  in  favor,  say  "Aye"j  opposed,  "ilo." 

.  .Motion  voted;  Motion  carried,.. 

CHAIRMAN  WORK:  The  motion  is  carried,  and  this  will  be  referred 
to  Mr.  Stockwell  for  his  appointment  of  a  Committee  of  suitable  size  and 
character  to  carry  out  the  wishes  of  the  Colorado  River  'later  Forecast 
Committee  in  this  matter. 

Now,  the  hour  is  getting  late,  gentlemen.  Is  there  anything  to 
come  before  the  Committee  before  we  adjoui'n?  If  there  is  no  further 
business,  I  declare  this  meeting  adjourned. 

.  .’Thereupon  the  meeting  adjourned  at  5:30  P.  M... 
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FLOW  OF  THE  COLORADO  RIVER  DURING  THE  1948  SEASON 

by 

John  H.  Gardiner,  District  Engineer 
U.  S.  Geological  Survey,  Tucson,  Arizona 


For  the  purposes  of  this  paper  normal  runoff  is  the  median  runoff 
for  the  25-year  period  1921-45  inclusive. 

The  runoff  during  the  1948  water  year  at  Grand  Canyon  was  103 
percent  of  normal,  or  normal  for  all  practical  purposes.  However, 
inspection  of  the  monthly  variations  for  the  water  year  discloses  the 
fact  that  October,  the  first  month  of  the  year,  was  185  percent  of 
normal  with  the  monthly  percentage  steadily  declining,  crossing  the 
normal  line  between  June  and  July  and  ending  the  water  year  with 
September  at  almost  a  record  low  or  only  about  48  percent  of  normal. 

The  1948  water  year  runoff  was  13,870,000  acre-feet  compared  with 
a  normal  of  13,400,000  acre-feet.  Of  the  total  runoff,  the  Colorado 
River  above  the  Green  contributed  6,514,000  acre-feet  or  109  percent 
of  normal.  The  Green  River  contributed  4,146,000  acre-feet  which  is 
96  percent  of  normal,  the  San  Juan  contributed  2,306,000  acre-feet, 
which  is  110  percent  of  normal.  The  Little  Colorado  River  contributed 
182,200  acre-feet,  which  is  105  percent. 

In  contrast  to  the  1948  water  year,  1949  started  out  with  the 
monthly  flow  definitely  below  normal  with  October  being  70  percent  of 
normal  but  increasing  each  month  until  normal  flow  was  reached  in 
February,  March  being  123  percent.  For  this  reason  the  first  six 
months  of  this  water  year  give  a  poor  comparison  with  the  same  period 
of  194-8  since  it  shows  a  flow  only  about  75  percent  of  last  year.  For 
the  first  six  months  of  this  water  year  the  Colorado  River  at  Grand 
Canyon  produced  2,664,000  acre-feet,  97  percent  of  normal.  Runoff  was 
quite  low  in  the  northern  part  of  the  basin  with  the  Green  River  81 
percent  of  normal,  and  increasing  toward  the  southern  part  with  the 
San  Juan  River  118  percent  and  the  Little  Colorado  River  245  percent 
of  normal.  The  same  trend  is  evident  for  March  with  the  San  Juan  and 
Little  Colorado  Rivers  producing  the  largest  percentages  of  normal 
runoff,  143  and  252  percent  respectively.  If  this  trend  continues 
prospects  are  good  that  runoff  this  year  will  be  better  than  last  year. 

For  those  interested  in  a  more  detailed  analysis,  the  records  are 
tabulated  below  and  will  be  available  through  your  chairman. 
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COLORADO  RIVER  BASIN 
Runoff  in  acre-feet 


SNOW  SURVEY  PROGRAM 
ON  UPPER  COLORADO  RIVER  BASIN 

by 

Homer  J.  Stockwell,  Associate  Irrigation  Engineer, 
Division  of  Irrigation,  Soil  Conservation  Service, 
Fort  Collins,  Colorado 


At  the  present  time,  there  are  a  total  of  115  active  snow  courses 
on  the  Colorado  River  Basin.  This  includes  some  courses  on  the  divides 
or  in  areas  immediately  adjacent  to  the  basin.  By  states,  Colorado  has 
56  courses;  Wyoming  7  and  Arizona  and  western  New  Mexico  23  and  Utah  29. 

In  Colorado,  snow  surveys  are  made  on  nearly  all  courses  on  the 
first  of  February,  March,  April  and  May.  In  Wyoming,  on  the  Green  River, 
February  1  surveys  are  omitted.  In  Utah  only  April  1  snow  surveys  are 
made.  This  year,  however,  the  measurement  schedule  in  Utah  has  been 
expanded  to  include  March  1  and  possibly  May  1.  Arizona  snow  surveys 
are  scheduled  beginning  January  1  and  ending  April  1  with  mid-month 
surveys.  Currently  the  results  of  the  first  of  the  month  surveys  are 
published  in  the  Colorado  River  Basin  report  and  mid -month  surveys  are 
published  in  the  Arizona  report. 

In  obtaining  these  surveys  in  Colorado,  Wyoming  and  New  Mexico  it 
is  necessary  for  26  forest  or  park  rangers  and  47  other  persons  to 
travel  over  2,800  miles  on  foot  during  the  season  in  addition  to 
automobile  travel.  There  distances  range  from  3  to  18  miles  from  the 
end  of  the  road.  A  few  courses  are  along  highways  which  are  kept  open 
throughout  the  year.  Foot  travel  is  not  the  only  problem  as  it  is 
worse  than  walking  at  times  to  negotiate  an  ordinary  automobile  over 
roads  with  occasional  drifts  or  where  there  is  no  bottom  to  the  mud  in 
late  season. 

During  the  past  season  I  have  raised  considerable  objection  to 
extensive  snow  surveys  on  February  1.  The  major  reason  for  this  is 
that  February  1  is  so  early  in  the  snow  accumulation  season  that  the 
results  are  almost  as  likely  to  be  misleading  as  indicative  of  the 
flow  to  come.  Of  course,  we  realize  that,  but  the  public,  who  are 
anxious  about  the  prospective  water  supply,  are  likely  to  remember 
early  season  data  and  not  follow  it  out  through  the  remainder  of  the 
snov;  season.  This  is  especially  true  if  early  indications  are  for 
good  flow. 

During  the  past  few  years  it  is  becoming  increasingly  difficult 
to  find  people  who  will  make  surveys  in  remote  areas.  This  may  change 
with  general  economic  conditions.  However,  as  long  as  people  have  jobs 
or  a  little  money  they  are  reluctant  to  do  the  extreme  hard  work  and 
take  the  risk  involved  in  making  a  long  sno w  survey  hike.  It  may  be 
difficult  to  believe  but  some  have  stated  that  they  do  not  have  proper 
clothing  to  use  on  these  trips  and  of  course  the  outlay  for  such 
clothing  would  take  more  than  the  pay  for  the  services. 
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I  believe  that  the  snow  survey  schedules  should  be  revised  to 
include  only  a  few  easily  accessible  courses  for  February  1  measurements, 
all  but  the  most  inaccessible  ones  for  March  1,  and  all  courses  should 
be  measured  April  1.  We  need  a  number  of  additional  courses  to  be 
measured  during  the  latter  part  of  the  season  to  fill  in  the  gaps.  This 
is  particularly  true  on  some  parts  of  the  Yampa,  Gunnison  and  San  Juan 
Rivers.  These  areas  are  generally  too  inaccessible  for  foot  travel.  We 
should  also  give  consideration  to  the  abandonment  of  snow  courses  which 
are  proving  to  be  of  little  value  for  forecasting  purposes. 

In  regard  to  mechanized  snow  surveys  on  the  Colorado  River,  there 
has  been  very  little  use  of  this  equipment.  We  have  rented  two  Tucker 
Sno-Cats  and  are  using  an  Army  M-7  belonging  to  the  Public  Service 
Company  of  Colorado.  We  could  use  more  of  this  equipment  to  reach  back 
areas  and  to  improve  the  quality  of  the  snow  survey  measurements. 

Courses  recently  established  are  Monarch  Lake,  Granby  and  Grand  Lake 
on  the  Upper  Colorado  for  use  in  connection  with  the  Colorado-Big 
Thompson  Project,  Monarch  Lake  may  eventually  replace  Thunderbolt  Peak, 
because  of  its  inaccessibility  and  apparent  lack  of  forecast  value. 
Glen-Mar  snow  course  on  the  Williams  Fork  may  replace  Middle  Fork  Camp 
Ground.  Kannah  Creek  course  was  established  at  the  request  of  the  City 
of  Grand  Junction  on  its  municipal  water  supply  watershed.  This  year 
two  new  courses  have  been  established  on  the  Continental  Divide  at 
Cochetopa  Pass  and  Spring  Creek  Pass  which  should  fill  quite  a  gap  on 
the  Gunnison  River,  as  well  as  the  Rio  Grande  River  watershed.  A  new 
course.  Lake  City,  'was  established  to  replace  Sunshine  Mountain  because 
of  the  hazardous  route  to  the  course.  Trout  Lake  snow  course  may 
eventually  replace  Lizzard  Head  Pass  if  the  narrow  gauge  railway  is 
abandoned.  Marshall  Pass  and  Poncha  Creek  may  meet  the  same  fate  if  the 
railroad  is  discontinued  over  this  pass.  Hovrever,  we  have  several  years' 
records  on  Porphyry  Creek  and  Monarch  Pass  nearby. 

Next  year  we  hope  to  have  some  new  courses  on  the  headwaters  of  the 
Piedra,  Pine,  Animas  and  other  tributaries  to  the  San  Juan.  In  the  past 
this  area  has  been  largely  unexplored. 
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REPORT  OF  SNCH-T7ATE  lSHED  CONDITIONS 
•  ©f  tho 

UPPER  COLORADO  AITZER  BASIN  IN  UTAH 
by 

Don  Mitchell,  Irrigation  Engineer 
Division  of  Irrigation,  Soil  Conservation  Service 

Logan,  Utah 


The  Forecast  Bulletin  for  the  Uppor  Colorado  River  Basin  in  Utah 
has  been  delayed  somowhat  this  year  duo  to  the  heavy  snow  s toms  in 
this  area  during  the ‘first  week  of  April  as  well  as  the  extremely 
heavy  accumulation  of  snow  from  this  past  winter* 

This  season  in  the  Colorado  River  Basin  in  Utah  we  had  tho  deepest 
snow  cover  and  highest  water  content  over  recorded  for  many  of  the 
stations  in  the  high  Uintahs* 

♦ 

Ordinarily  the  snow  surveyors  have  to  travel  about  25  to  35  miles 
on  foot  ono  way  to  reach  snow  courses  in  the  high  Uintahs,  this  year 
due  to.-  tho  deep  snow  and  prolonged  winter  they  had  to  travel  as  much 
as  50  miles  on  foot  to  reach  snow  courses*  This  caused  some  delay  in 
securing  measurements* 

« 

The  water  supply  outlook  is  exceptionally  good  in  all  areas  of  the 
Upper  Colorado  Rivor  Basin  in  Utah*  There  is  every  possibility  of  damn 
ging  high  water  from  many  of  the  tributaries  to  the  Green  and  Colorado 
Rivers  in  tho  Uinta  Basin  area.  In  the  LaSal  and  Monfciccllo  districts 
there  has  never  been  such  a  high  water  content  mcasurod  in  the  snow 
before.  However,  the  streams  arc  small  and  possibility  of  damage  from 
high  waters  is  not  likely.  The  abundant  snow  cover  however  should  fore 
cast  a  good  supply  of  forage  for  stock  in  this  area, 

• 

In  the  Virgin  Drainage  to  the  Col®rado  there  has  been  an  extremely 
heavy  accumulation  of  snow  these  past  few  months.  Most  of  the  snow 
is  still  there  with  potential  high  water  in  cxistanco  if  the  right 
climatological  combination  comes  about,  $ 
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TZATER  SUPPLY  OUTLOOK  IN  ARIZONA  AND  NEVADA 
by  Clyde  E.  Houston,  Irrigation  Enginoor 
Division  of  Irrigation,  Soil  Conservation  Sorvico 
Nevada  Experiment  Station,  keno,  Nevada 


ARIZONA 

Tho  past  six  years  of  continuous  drouth  in  Arizona  came  to  an  end 
during  tho  past  snow  season.  Generally,  the  outlook  for  water  in  tho 
irrigated  areas  of  tho  state  for  the  1949  season  is  very  good.  As  of 
April  1  tho  water  held  in  tho  eight  important  reservoirs  was  30%  of 
capacity,  or  three  times  the  amount  of  water  stored  on  April  1,  1948. 

Tho  San  Carlos  Reservoir,  which  last  year  was  practically  empty,  now 
contains  about  25%  of  capacity. 

The  extremely  heavy  snow  storms  of  January  and  February  combined 
\vith  low  temperatures  retained  a  record  snow  pack  upon  tho  higher  eleva¬ 
tions  throughout  tho  winter.  Tho  water  content  of  the  snow  remaining 
on  the  principal  water  sheds  is  over  200%  of  normal.  This  would  indi¬ 
cate  that  with  normal  precipitation  continued  good  runoff  will  result. 


NEVADA 

Snow  cover  on  areas  contributing  to  Colorado  River. in  Nevada  was 
extremely  high  this  year.  On  the  Spring  Mountains  near  Las  Vegas  snow 
stored  water  contributing  to  the  Las  Vegas  Artesian  Basin  was  80  per¬ 
cent  better  than  a  yoar  ago  and  SO  percent  greater  than  tho  oight  year 
average.  Snow  courses  in  the  Virgin  Mountains,  established  this  year 
in  cooperation  with  the  towns  of  Bunlcorville  and  Mesquite,  showed  heavy 
early  snow,  but  with  practically  the  entire  cover  gone  at  this  time. 
Indications  arc  that  the  two  towns  will  not  have  to  start  hauling  muni¬ 
cipal  water  until  late  July  or  August.  Snow  courses  established  in  Pino 
and  Mathew  Canyons  tributary  to  Meadow  Valley  Mash  were  measured  this 
year  for  the  first  time  in  cooperation  with  the  Union  Pacific  Railroad, 
February  surveys  showed  a  potential  flood  hazard  in  tho  snow  pack  as 
surveyed  at  that  time.  March  surveys  indicated  a  decreasing  hazard 
which  could  probably  be  realized  only  by  hoavy  warm  rains  falling  on 
the  snow  pack.  April  surveys  indicated  that  any  danger  of  high  waters 
from  snow  molt  no  longer  exists. 
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SNOW  COVER  CONDITIONS  IN  WYOMING 

by 

L.  C.  Bishop,  State  Engineer 
Cheyenne,  Wyoming 


According  to  the  Federal  State  Cooperative  Snow  Surveys,  the  snow 
cover  of  Wyoming  as  of  April  1,  1949,  is  above  the  average  on  all  courses 
reported.  Range  conditions  for  livestock  and  wild  game  animals  is 
favorable  for  those  that  have  survived  the  most  severe  winter  of  record 
in  this  State. 


BIG  HORN  RIVER 

The  snow  cover  on  the  Upper  Wind  and  Pope  Agie  River  watersheds  is 
well  above  the  average  of  the  last  thirteen  years.  On  the  Shoshone 
watershed,  the  snow  water  content  is  150  percent  of  normal  and  well 
above  a  year  ago.  Similar  conditions  exist  on  the  headv/aters  of  the 
Greybull  River. 

On  the  east  slope  of  the  Lower  Big  Horn  River  Basin  the  snow  cover 
is  about  25  percent  above  normal.  The  runoff  for  the  entire  Big  Horn 
Basin  is  expected  to  be  substantially  more  than  the  past  twelve  year 
average.  Soil  moisture  conditions  are  very  good  along  the  Big  Horn 
River  both  above  and  below  Wind  River  Canyon. 

Snow  cover  on  Powder  and  Tongue  River  tributaries  is  normal  or 
slightly  below. 

CHEYENNE  RIVER  AND  BELLE  FQURCHE  RIVER 


Snow  cover  in  the  Black  Hills  is  about  100  percent  above  normal, 
and  the  prospects  are  good  for  irrigation  water  supply  in  this  area. 

NORTH  PLATTE  REFER 

Snow  cover  on  the  headwaters  of  the  Laramie  and  Sweetwater  Rivers 
is  well  above  normal.  Outlook  for  irrigation  water  supply  for  1949 
season  is  excellent.  We  are  looking  forward  to  the  filling  of  all  the 
reservoirs  presently  constructed  on  the  North  Platte  River  for  the  1949 
season. 


GREEN  RIVER 

The  snow  water  content  on  the  Green  River  watershed  in  Wyoming  is 
118  percent  of  normal,  and  well  above  the  twelve  year  average.  The 
outlook  here  is  good  for  the  irrigation  water  supply  for  the  1949  season. 
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SNOW  COVER  CONDITIONS 
on  the 

COLORADO  RIVER  AND  ITS  TRIBUTARIES  IN  COLORADO 
by  Homer  J,  Stoclcwell 

Colorado  River  (above  Grand.  Junction):  The  snow  cover  on  the  Colo¬ 
rado  River  above  Grand  Junction  is  10  percent  above  normal  and  slightly 
over  a  year  ago.  The  distribution  of  snow  on  the  watershed  indicates 
that  normal  snow  cover  exists  on  the  Blue,  Frazer  and  Nagle  Rivers  and 
somewhat  above  normal  on  other  tributaries  in  Colorado.  The  April-Sep- 
tember  flow  of  the  Colorado  River  at  Glenwood  Springs  is  expected  to  be 
1,600,000  acre-feet  and  for  the  Roaring  Fork  950,000.  March  precipita¬ 
tion  along  this  stream  was  generally  deficient  but  soil  moisture  con¬ 
ditions  are  good. 

,  Gunnison  River :  On  the  Gunnison  River  drainage  the  snow  cover  is 
slightly  heavier  than  on  the  Colorado  River.  Seasonal  precipitation  in 
valley  areas  has  been  well  above  normal  and  soil  moisture  conditions  are 
excellent.  Snow,  cover  is  relatively  heavier  on  the  southern  tributaries. 
The  flow  of  the  Uncompahgre  is  expected  to  be  over  fifty  percent  above 
normal.  For  the  Gunnison  River  at  Grand  Junction  the  April -September, 

1949  flow  is  expected  to  bo  1,800,000  acre-foe t.  Storage  at  Taylor  Parle 
reservoir  is  now  65,000  acre-feet  as  compared  to  87,000  on  April  1,  1948*. 

Yampa  and  White  Rivers:  On  both  of  these  streams  the  April  1  snow 
accumulation  is  very  high,  35  percent  above  normal.  The  summer  flow  of 
these  streams,  vail  be  as  great  as  any  in  the  past  12  years.  The  flow  of 
the  Yampa  River  will  probably  exceed  any  recent  summer  flow  and  if  tem¬ 
peratures  are  above  normal  at  melting  time  unusually  high  peak  flow  may 
be  expected  and  some  damage  will  result.  Similar  snow  conditions  exist 
on  the  headwaters  of  the  Little  Snake  River  as  on  the  Yampa.  Seasonal 
precipitation  in  va  lley  areas  has  been  much  above  normal  and  soil  mois¬ 
ture  co  iditions  are  reported  as  good, 

San  Juan  and  Animas  Ri vers:  Snow  water  contents  measured  on  the  head 
waters  of  these  streams  was  over  50  percent  above  normal  April  1.  Total 
summer  runoff  will  be  high  but  unless  April  snow  accumulation  is  above 
normal  the  peak  flow  will  not  exceed  that  for  the  year  1941,  Estimated 
April- September  flows  for  the  S  n  Juan  at  Rosa,  New  Mexico  is  950,000  acre 
feet,  and  for  the  Animas  at  Durango  750,000;  Vallecito  reservoir  is  down 
to  33,000  acre-feet  from  57,000  on  February  1,  The  flow  of  the  Los  Pinos 
below  the  reservoir  for  the  summer  period  should  bo  about  350,000  acre- 
feet.  Soil  moisture  conditions  throughout  southwestern  Colorado  are 
described  as  excellent, 

Dolores  River:  On  the  headwaters  of  the  Dolores  and  Sen  Miguel 
Rivers  the  snow-water  contents  are  also  unusually  high.  For  the  Dolores 
River  the  total  April  to  September  flow  is  expected  to  exceed  any  year 
since  1936  when  snow  surveys  were  started.  Based  on  current  data  there 
is  a  four  out  of  five  chance  that  the  peak  flow  of  the  Dolores  at  Dolores 
will  exceed  the  year  1941, 
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WAER  SUPPLY  OUTLOOK  IN  CALIFORNIA 

by  Fred  Paget,  Engineer 

Division  of  Mater  Resources 
State  of  California 
Sacramento,  California 


California  has  had  a  good  snow  year  this  winter  and  north  of  tho 
Tehachapis  there  will  bo  ample  water  for  irrigation,  power  and  industry. 

South  of  the  Tehachapis  the  precipitation  and  runoff  have  been  below 
normal,  especially  the  runoff.  Therefore  gravity  diversions  will  be  much 
smaller  than  normal,  requiring  more  water  to  be  pumped  from  underground 
basins.  Most  of  the  basins  have  sufficient  capacity  to  take  caro  of  the 
situation  but  difficulties  may  be  encountered  in  the  more  shallow  basins. 

The  year  started  off  Troll  with  a  snowpack  some  5  feet  deep' at  tho 
high  elevations  of  the  Sierra,  before  the  middle  of  December.  Storms 
bringing  additional  snow  continued  off  and  on  all  winter  long. 

The  weather  this  year  was  exceptional •  in  that  it  was  so  cold.  Along 
with  tho  stalling  of  trains  in  tho  Rockies  and  Operation  Haylift  in  Ncv- 
ada,  California  also  experienced  very  cold  weather  -  the  coldest  long 
stretch  of  winter  weather  in  decades.  During  January  at  Beiber  in  Nor¬ 
thern  California  there  were  only  5  days  during  tho  month  when  tempera¬ 
tures  did  not  go  below  zero.  One  night  it  got  down  to  28  below.  In 
Southern  California  at  Big  Bear  Lake  temperatures  as  low  as  17  degrees 
be  1 ow  zero  were  recorded.  Snow  fell  in  Los  Angeles. 

Comparatively  low  temperatures  prevailed  during  the  storms  and  as 
a  result  there  was  more  snow  low  down  in  the  Sierra  foothills  than  for 
many  years.  To  many  people  this  suggested  the  throat  of  floods  and  they 
had  to  be  assured  that  while  in  California  a  good  rain  can  bring  a  flood 
at  any  time  during  tho  winter  if  it  rains  hard  enough  and  long  enough,  a 
good  snowpack  is  on  the  whole  a  safeguard  against  flood.  The  snow  that 
might  bo  melted  by  a  warm  rain  at  low  elevations  is  more  than  offset  by 
the  rain  absorbing  and  runoff  retarding  effects  of  the  deep  pack  over  tho 
high  country. 

Tho  low  snowpack  also  foil  on  foothills  where  the  soil  moisture  deple¬ 
tion  of  tho  summer  before  had  not  boon  replaced  so  that  a  considerable 
portion  of  tho  water  in  tho  low  snow  would  go  to  satisfy  this  soil  mois¬ 
ture  deficient  before  there  -would  be  much  contribution  to  runoff. 

At  high  elevations  tho  snowpack  this  ye  a  r  at  no  time  got  up  to  nor¬ 
mal.  On  April  1st  the  high  snowpack  ranged  from  75%  to  90%  of  normal. 

Bo cause  of  the  preponderance  of  low  snow,  300%  above  normal  at  some 
low  stations,  and  tho  below  normal  pack  at  high  elevations,  forecasting 
of  runoff  has  been  a  littlo  difficult  this  year  and  may  not  be  as  accu¬ 
rate  as  usual,  but  time  will  toll. 
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The  bulletin  put  out  by  the  Division  of  Water  Resources  predicts  the 
spring  runoff  from  molting  snow  to  bo  9r6%  of  normal  in  the  Sacramento 
Valley,  90 %  of  normal  in  the  San  Joaquin  Valley  and  77 %  of  normal  for 
the  streams  tributary  to  Tulare  Lake®  Since  this  is  more  water  than  the 
irrigation  districts  of  the  Kings  and  Kaweah  normally  use,  it  is  probable 
that  some  water  will  this  year  have  to  bo  discharged  into  the  Tulare  Lake 
Basin  area# 

April  so  far  has  been  dry,  if  it  keeps  on  with  no  rain  the  rest  of 
the  month  it  will  be  necessary  to  cut  back  these  forecasts  of  runoff  a 
little  when  the  May  bulletin  comes  out  next  month.  But  in  all  events 
it  scorns  assured  that  tho  c.reas  of  California  depending  on  the  snowpack 
will  have  a  good  year  this  year# 
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FOIE  CAST  OF  FLO"  7  OF  COLORADO  RIVER 
HEAR  ORA TD  CAkfON,  April-July  1949 

by  Tucson  District,  TJ.  S.  Geological  Survey 
Presented  by  John  E.  Gardiner,  District  Engiiiocr 

A  groat  deal  of  work  was  done  this  year  in  an  attempt  to  find  ways 
of  improving  the  forecast  and  to  identify  those  factors  which  make  high 
accuracy  hard  to  attain.  The  conclusion  is  that  there  is  an  irreducible 
minimum  e-rror  caused  by  the  large  effect  of  the  unknown  precipitation 
from.  April  to  -July.  By  the  methods  described  below,  runoff  for  April  to 
July  was  computed  for  each  year  1931-48,  both  with  and  without  the  pre¬ 
cipitation  from  April  to  July  as  a  factor*  Then  the  pro si pi tat ion  was 
not  i  eluded  as  a  factor  the  coefficient  of  correlation  was  0.362,  indi¬ 
cating  an  unexplained  variance  of  a  little  less  than  23  percent,  khen 
the  precipitation  for  April  to  July  was  included  the  coefficient  of 
correlation  was  0.965  indicating  an  unexplained  variance  of  a  little 
more  than  7  percent.  Thus,  most  of  the  un-ex  la i  od  variance,  that  is, 
about  three-quarters  of  it,  is  caused  by  the  unknown  precipitation  April 
to  July.  Improvement  in  tno  accuracy  of  the  forecast  will,  at  best,  be 
relatively  small,  in  view  of  this  fact.  Of  the  factors  which  should  be 
investigated  further,  the  influence  of  the  ground-water  level  is  believed 
to  be  of  considerable  importance.  At  present,  records  of  ground -water 
levels  are  too  short  and  incomplete  to  be  of  any  real  use*  One  of  the 
most  promising  approaches  to  an  increase  in  the  accuracy  of  the  fore¬ 
cast  in  future  years  probably  lies  in  the  increase  in  available  ground- 
water  data,  and  other  independent  factors. 

The  forecast  for  this  year  was  made  by  dividing  the  basin  above 
Grand  Canyon  into  four  sub-’oasins— Colorado  River  above  Cisco,  Green 
River  above  Green  River,  Utah,  San  Juan  River  above  Bluff,  and  the  inter¬ 
vening  basin  downstream  from  these  three  basins  and  above  Grand  Canyon. 
Each  of  the  four  sub-basins  was  studied  individually  to  det  .rmi.no  the 
relations  between  runoff  and  wat-.  r  content  of  snow  on  April  1,  antece¬ 
dent  runoff  from  October  to  'iarch,  and  degree  days  of  maximum  tempera¬ 
ture  above  40  degrees  for  January  to  "Arch.  Equations  involving  these 
three  factors  wore  computed  for  each  of  the  four  sub-basins. 

The  period  for  which  the  study  "as  n  do  was  1931-48,  Basic  date,  arc 
available  for  all  factors  for  that  period,  except  that  no  snow  co  ’.rses 
wore  measured  prior  go  1936  in  Tyoming  and  Colorado.  This  deficiency  was 
remedied  by  extending  the  snow-course  records  back  from  1936  to  1931  by 
moans  of  correlations  of  snowcourso  measurements  with  precipitation 
records,  precipitation  was  not  taken  as  one  of  the  factors  entering  into 
the  oQuationg  for  computation  of  runoff. 

Runoff  for  each  year  was  computed  for  c  .oh  sub-basin  by  .  „ans  of 
the  equation  for  that  su  -basin.  A  nev  equation  was  then  set  up  to  find 
the  relation  of  the  actual  flow?  at  Grand  Canyon  with  the  computed  figures 
of  flow?  for  the  four  sub-basins,  and  the  forecast  for  Grand  Canyon  was 
made  from  this  equation. 

Assuming  normal  precipitation  during  the  next  four  months  our  fore¬ 
cast  for  Grand  Canyon  for  April  to  July  1949  is  11,300,000  acre-foot  with 
a  standard  error  of  1,400,000  acre-foot. 
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FORECAST  FROM  ST  OiY  SURVEY  DATA 
■  OF 

COLORADO  RIVER  APRIL- JULY  RUNOFF  NEAR  GRAND  CANYON 

H.  M,  Kelly 

Electrical  Engineering  Associate 

Los  Angeles  Department  of  Water  and  Power  -  Power  System 
Power  Operating  and  Maintenance  Division 
Research  and  Records  Section 


•  Again  this  year  as  last,  this  forecast  is  based  on  the  assumption 
that  the  runoff  of  the  Colorado  River  at  the  Grand  Canyon  gauging  sta¬ 
tion  during  the  April-July  period  is  directly  related  to  the  April  1st 
water  content  of  the  snow  cover  at  certain  selected  snow  courses  in  the 
Colorado  River  Basin, 

While  the  forecast  by  the  Bureau  of  Reclamation,  Office  of  River 
Control,  is  the  official  forecast  used  in  scheduling  the  operation  of 
Hoover  Power  Plant,  forecasts  from  snow  survey  data  can  be  made  in  advance 
of  the  time  the  official  forecast  is  received  and  are  helpful  in  setting 
up  the  preliminary  power  system  schedules* 

The  forecast  made  from  snow  course  data  up  to  April  1,  1949  gives 
11,100,000  acre-feet  as  the  runoff  during  the  1949  April-July  period. 

The  method  used  here  is  not  the  result  of  exhaustive  study,  but  has  been 
found  useful  for  the  purpose  already  discussed  and  is  described  in  the 
following  pa  ra  g  ra  ph  s • 

The  average  water  content  of  the  snow  cover  on  each  of  seven  major 
watersheds  of  the  Colorado  River  was  obtained  from  the  April  1,  1949 
Soil  Conservation  Service  advance  snow  survey  reports.  The  average  water 
content  for  each  watershed,  expressed  as  a  percentage  of  the  nominal  * 
fourteen  year  average  (which  also  is  given  in  the  Soil  Conservation 
Service  Reports)  was  thon  weighted  by  a  factor  corresponding  to  the 
estimated  normal  contribution  of  each  watershed  to  the  flow  noar  Grand 
Canyon,  Thoso  factors  were  determined  several  years  ago  after  detailed 
studies  were  made  by  this  organization.  The  weighted  average  used  to 
obtain  the  forecasted  runoff  figure  is  the  sum  of  the  individual  adjusted 
water  content  values  increased  by  the  ratio  of  the  estimated  total  per¬ 
centage  contribution  of  the  seven  watersheds  to  the  total  flow,  taken 
as  100  per  cent* 

The  water  sheds  estimated  normal  contribution  to  the  Colorado  River 
in  percent,  water  content  of  sno w  in  inches,  water  content  as  a  percen¬ 
tage  of  the  fourteen  year  average,  and  adjusted  water  content  as  a  per¬ 
centage  of  the  fourteen  year  average  are  shown  in  the  following  tabula¬ 
tion* 


*  Some  of  the  snow  courses  have  less  than  14  years  of  record 
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Watc rshed 

Estimated 

Percent 

Contribution  to 
Colorado  Itiver 

April  1,  1949 
Water  Content 
Inches 

Water  Content 
Percent  of 
Nominal  14  Yoar 
Average 

Water  Content 
Adjusted 
Percent  of 
14  Yr.  Avg. 

Groen  Idvor 

11.17 

15.2  . 

123 

13.7 

Yampa  " 

14.62 

22.5 

124 

18.1 

Whi  tc  " 

3.55 

23,0 

132 

4.7 

Colorado  '* 

29.29 

16.6 

114 

33  o  4 

Gunnison  ” 

15.60 

21.8 

120 

18.7 

Dolores  " 

7.88 

10.7 

141 

11.1 

San  Juan  " 

15.66 

29.2 

143 

22.4 

Total 

97.77 

- 

- 

122.1 

Weighted  Average  (or  forecast  factor) 

I  122.1  =  125% 

97.77 


Tho  weighted,  average  water  content  of  the  seven  watersheds  expressed 
as  a  percentage  of  the  fourteen  year  averago  is  125  percent.  The  thir¬ 
teen  yoar  average  of  tho  April-July  runoff,  beginning  in  1936  is  8,679,000 
aero-feet. 

To  account  for  the  effect  of  tho  1949  period  flow,  a  fourteen-year 
provisional  average  was  found  by  using  the  forecast  factor  in  a  for¬ 
mula  (which  may  be  derived  by  use  of  simple  algebra)  and  which  gives 
the  following  result: 

Tho  14-year  average  “  (14  -  l)  x  8,679,000  r  8,840,000  aero-feet. 

(14  -  1.25) 

Using  this  provisional  14-yca.r  average  the  forecasted  flow  is: 

8,840,000  x  1.25  =  11,100,000  acrc-fcct 

As  a  matter  of  interest,  a  comparison  of  forecasts  made  by  this 
method  with  the  actual  runoffs  for  tho  years  from  1945  to  1948  inclu¬ 
sive  aro  given  in  the  following  tabulation: 

April-July  Aunoff 
Thousands  of  Acre-feet 


Yoar 

Forecasted 

Actual 

Percentage 

1945 

9480 

8093 

+  17 

1946 

6120 

5561 

4  10 

1947 

8240 

9019 

-  9 

1948 

9740 

9491 

*  3 

The  results  shown  in  the  preceding  tabulation  give  promise  of 
continued  usefulness  of  forecasts  from  snow  course  data  as  an  aid  to 
sotting  up  schedules  for  power  system  operation. 


FORECAST  OF  FLOR  OF  COLORADO  RIVER 
REAR  GRAND  CANYON,  COLORADO 
April- July  1949 


by  Homer  J.  Stockwell,  Irrigation  Engineer 
Division  of  Irrigation,  Soil  Conservation  Service 
Fort  Collins,  Colorado 


Our  forecast  for  the.  flow  of  the  Colorado  River  at  Grand  Canyon 
for  the  April-July  1949  period  is  10,900,000  acre-feet  as  indicated  on 
April  1  snow  surveys.  The  forecast  is  based  on  the  percentage  of  nor¬ 
mal  snow  water  content  on  ton  s now  courses  on  the  Colorado  River  water¬ 
shed.  They  arc  listed  as  follows  s 

Myo.  No.  24  -  Mulligan  Park  Colo.  No.  33  -  Ind.  Pass  Tunnel 

TTyo.  No.  26  -  Loomis  Park  Colo.  No.  35  -  Burro  "ountain 

Colo.  No.  19  -  Tennessee  Pass  Colo.  No.  37  -  M.  F.  Camp  Ground 

Colo.  No.  25  -  Lizzard  Head  Ptss  Colo.  No.  56  -  Mesa  Lakes 

Colo.  No.  29  -  Upper  San  Juan  Colo.  No.  58  -  Ironton  Park 

It  will  be  noted  that  these  courses  are  so  distributed  over  the 
Colorado  River  Watershed  as  to  approximate  the  source  of  water  from  the 
various  tributaries.  It  may  also  be  stated  that  through  a  study  of 
many  combinations  of  snow  courses  on  the  watershed  ,  the  above  gives 
about  the  best  correlation  without  using  detailed  statistical  analyses. 
The  average  of  these  courses  was  19.9  inches  on  April  1,  1949  as  com¬ 
pared  to  a  thirteen  year  average  for  April  1  of  IS. 4.  The  percentage 
of  normal  is  121  percent.  However  due  to  the  fact  that  the  soil  was 
dry  last  fall,  and  that  runoff  does  not  increase  in  the  same  propor¬ 
tion  as  snow  water  content,  the  estimate  is  10,900,000  or  about  114- 
percent  of  normal. 

The  snow  fall  during  the  month  of  April  has  a  marked  effect  on 
runo.ff,  but  not  as  much  as  might  be  indicated  by  May  1  snow  surveys. 

The  May  1  forecast  will  be  based  on  the  same  courses  using  the  April 
and  May  snow  water  contents.  The  May  1  measurements  mil  be<  given 
one-half  the  weight  of  those  on  April.  1. 
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THE  SNOW  JEEP 

by 

George  A.  Lewis,  Hydrographer 
City  of  Los  Angeles  Department  of  later  and  Power 

Our  need  for  some  form  of  transportation  that  would  suffice,  not 
only  for  normal  use,  but  also  when  severe  storms  temporarily  close 
existing  roads  to  the  conventional,  type  of  vehicle,  was  responsible  for 
the  investigations  of  dual  wheel  equipment. 

Prompted  by  experience  with  the  regular  Willys  Jeep  equipped  with 
single  snow  tires,  we  decided  to  devise  some  sort  of  auxiliary  equipment 
that  would  improve  the  use  of  these  machines  in  snow  and  deep  mud. 

Dual  wheels,  both  front  and  rear,  equipped  with  steel  grousers  to 
further  improve  the  traction,  were  constructed  and  their  use  has  greatly 
improved  the  performance  of  these  vehicles. 

CONSTRUCTION 

The  original  adaption  was  made  by  use  of  Army  surplus  materials, 
due  to  a  general  shortage  of  automobile  parts  at  that  time.  Our  present 
models  are  constructed  by  attaching  Ford  V-8  wheels,  No.  68-1015,  Model 
77  to  the  standard  Jeep  equipment. 

The  dual  wheels  are  made  up  as  follows i 

An  auxiliary  hub  is  constructed  from  a  short  section  of  a  Yg-inch 
O.D.  iron  pipe.  A  face  plate  is  welded  to  one  end  of  this  section  and 
this  plate  is  machined  and  drilled  to  fit  over  the  hub  of  the  Jeep  wheel. 
Welded  to  the  other  end  of  the  casing  is  a  12-inch  flanged  facing,  the 
latter  being  machined  and  drilled  to  fit  the  auxiliary  Ford  wheel.  The 
hub  is  first  attached  to  the  Ford  wheel  by  the  use  of  standard  lug  bolts, 
and  the  combination  is  then  bolted  to  the  Jeep  wheel  with  custom-made  lug 
bolts,  somewhat  longer  to  accommodate  the  added  thickness  of  the  face 
plate.  It  is  necessary  to  provide  small  cone  shaped  filler  rings  to  fit 
around  each  bolt  in  the  hub  of  the  Jeep  wheel.  These  rings  fill  the 
concave  area  around  each  bolt  in  the  regular  wheel  and  provide  a  flat 
bearing  surface  for  the  face  plate  of  the  auxiliary  hub.  The  hub  projects 
outward  from  the  face  of  the  regular  wheel  and  forms  a  space  for  clearance 
between  the  two  tires.  This  clearance  must  be  maintained  to  prevent 
chafing  and  excessive  heat  generation  in  the  dual  tires  while  driving  on 
oiled  roads.  It  should  not  be  more  than  one-half  inch  in  order  to  provide 
maximum  snow  compaction.  There  is  sufficient  room  within  the  hub  casing 
to  operate  a  T -handled  lug  wrench  and  the  dual  wheel  can  be  attached  with 
no  difficulty.  The  time  required  to  attach  all  four  wheels  is  less  than 
thirty  minutes  (two  men).  The  effective  width  of  the  dual  tire  assembly 
is  fourteen  inches  and  the  bearing  pressure  developed  in  snow  is 
approximately  1.3  pounds  per  square  inch. 
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During  the  initial  test  conventional  type  truck  chains  were  used, 
and  while  results  were  fairly  satisfactory,  it  was  found  that  under 
adverse  snow  conditions  (corn  snow)  the  chains  had  a  tendency  to  carve 
out  a  section  around  the  circumference  of  the  tire.  The  whole  mass 
would  then  revolve  with  little  tractive  pov/er.  To  overcome  this  the 
center  section  of  each  cross  link  of  the  chain  was  removed  and  12 -inch 
angle  iron  grousers  welded  in.  This  eliminated  the  trouble  and  greatly 
improved  the  traction.  The  chains  used  were  Western  Auto  Supply  single 
pneumatic  truck,  No.  6-1460,  size  6,00  x  16.  To  prevent  slipping  of 
the  tire  inside  the  grousers  a  small  toggle  hook  was  developed  which 
gave  sufficient  leverage  to  tighten  the  chain  and  grouser  firmly 
against  the  tire. 

Aside  from  the  cost  of  spare  v/heels  and  grouser  material  (the  extra 
tires  are  dismounted  in  summer  season  and  can  be  used  in  other  operations), 
the  expense  of  constructing  the  complete  job  is  best  formulated  in  "shop 
man  hours",  the  total  time  required  was  68  man  hours.  The  actual  cost 
of  the  first  experimental  job  was  $287.40,  with  some  time  being  lost 
in  cut  and  try  methods. 

OPERATION 

It  was  anticipated  that  some  difficulty  might  be  experienced  in 
attempting  to  steer  a  Jeep  equipped  with  dual  wheels. in  front.  It  was 
found  to  be  somewhat  awkward  at  first,  but  the  operators  soon  became 
accustomed  to  the  feel  of  the  machine  and  had  no  trouble  traveling  45 
to  50  miles  per  hour  on  the  highway.  In  snow,  sand,  or  mud,  at  low 
speeds,  there  is  no  noticeable  difference  in  steering  effort  required. 

At  medium  speeds  on  the  highway  the  machine  has  a  slight  tendency  to 
wander,  and  requires  a  little  more  attention  than  with  conventional 
equipment.  One  soon  becomes  used  to  the  feel  of  “the  wheel,  however, 
and  steering  becomes  natural. 

The  initial  tests  of  this  machine  were  made  without  chains,  then 
with  chains,  and  finally  with  grousers.  The  use  of  the  grousers  was 
found  to  be  beneficial  under  nearly  all  conditions.  The  first  tests 
were  conducted  in  the  Mammoth  area  of  Owens  Valley  in  93  inches  of 
compact  spring  snow,  the  top  14  inches  of  which  was  freshly  fallen 
powder. 

At  the  end  of  a  road  previously  cleared  by  snow  plow,  we  were 
confronted  by  an  eight-foot  verticle  bank  and  it  became  necessary  to 
carve  this  off  to  an  angle  of  45  degrees.  The  ascent  of  this  short 
slope  was  made  without  great  difficulty,  and  the  machine  was  maneuvered 
along  the  roadway  for  a  considerable  distance  turning,  stopping,  and 
starting.  The  transmission  was  operated  in  low-low  gear,  and  both  axle 
drives  were  used.  The  power  available  with  this  hookup  is  far  in  excess 
of  that  necessary  for  traveling,  but  we  soon  learned  that  less  slippage 
of  the  wheels  occurred  under  low  controlled  speeds.  The  tests  proved 
also  that  the  wheels  will  spin  in  only  to  axle  depth.  When  this 
occurred  it  was  only  necessary  to  tanip  snow  under  each  wheel  and  forward 
movement  could  be  resumed.  The  design  of  the  Jeep,  high  clearance  and 
lack  of  fender  obstruction,  lends  itself  well  to  shoveling  operations 
when  it  becomes  necessary. 


48 


Snow  compaction  under  the  wheels  was  found  to  be  very  high. 
Measurements  proved  it  to  be  even  greater  than  that  obtained  by  a 
specially  designed  machine  under  test  in  this  area  by  Army  Engineers, 
Their  problem  was  to  determine  the  feasibility  of  compacting  air  strips 
in  heavy  s now  country. 

At  the  conclusion  of  our  test  in  the  Mammoth  area,  we  removed  the 
grousers,  drove  the  machine  to  a  lower  elevation 'and  made  further  runs 
in  compacted  snow  of  lesser  depth.  We  also  tried  the  machine  in  cross¬ 
country  traverses,  over  rocks,  snow,  and  brush.  In  all  of  these  trials 
the  Jeep  was  given  a  very  rigorous  test.  In  fact  we  went  out  of  our  way 
to  find  difficult  conditions.  On  several  occasions  the  machine  stalled 
momentarily,  but  it  only  required  some  maneuvering  to  get  going  again. 

The  primary  purpose  of  our  experiment  was  to  develop  auxiliary 
equipment  for  snow  travel.  Since  these  tests  were  so  successful  in 
snow,  we  decided  t.o  continue  them  under  swamp  and  sand  conditions.  The 
machine  was  then  tested  in  the  swamp  areas  of  Owens  Valley,  and  the 
results  were  amazing.  The  Jeep  readily  negotiated  mud,  water  and  tulles. 
The  bottom  soil  of  the  swamp  area  was  soft,  slick  clay  mud,  and  the 
machine  traversed  this  without  the  least  difficulty.  The  pace,  however, 
was  necessarily  moderate.  Grousers  were  used  and  the  Jeep  operated 
successfully  in  depths  up  to  18  inches  of  water. 

Finally  the  machine  was  given  a  thorough  test  over  soft,  wind- 
transported  sand  dunes.  In  low- intermediate  gear  and  using  grousers,  it 
negotiated  sand  dunes  at  an  angle  of  35  degrees  without  any  difficulty. 
Actually  I  can  foresee  no  need  of  traversing  such  country  except  in  case 
of  an  emergency.  The  tests,  however,  did  serve  to  establish  what  can  be 
done  if  need  be.  In  ordinary  soft,  level  sand,  the  machine  will  travel 
in  conventional  high  gear. 


CONCLUSION 

Gas  and  oil  consumption  was  not  checked  during  the  tests,  nor  was 
any  mileage  data  kept.  There  has  been  no  indication  from  our  experience 
that  the  use  of  dual  wheels  will  greatly  increase  gas  and  oil  consumption. 
On  conclusion  of  the  original  tests  the  machine  was  returned  to  the  shop 
for  dismantling  and  inspection.  No  defects  were  found.  The  initial 
test,  made  over  a  period  of  six  weeks,  during  which  time  the  machine 
was  otherwise  in  normal  use  of  the  Hydrographic  Patrol  indicated  that 
use  of  dual  Y/heels  and  grousers  would  be  quite  feasible.  Three  years  of 
successful  operation  has  since  proven  the  combination  to  be  very 
practical. 

At  the  beginning  it  was  assumed  that  bugs  might  develop  in  the 
machines  after  a  long  period  of  use.  This,  however,  has  not  occurred. 

Only  one  failure  (front  transmission)  has  developed  during  our  use  of 
Jeeps  equipped  with  dual  wheels.  Since  the  machines  are  used  regularly 
throughout  the  balance  of  the  year  with  the  conventional  7/heel,  it  is 
probable  that  the  failure  may  have  occurred  in  any  event.  It  is  quite 
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likely  that  the  factor  of  safety,  built  into  the  machine  by  the 
manufacturers,  is  sufficient  to  protect  the  design,  even  with  the  added 
strain  of  the  dual  wheels. 

It  should  be  noted  that  such  equipment  is  not  intended  nor  designed 
for  cross-country  use  in  deep,  soft  snow  (over  30  inches).  It  is 
recommended  for  travel  over  established  roadbeds,  regardless  of  snow 
depth,  wherever  the  snow  is  solidly  packed  or  where  the  road  can  be 
traversed  after  each  storm,  to  consolidate  the  cover.  (In  the  Mammoth 
tests,  one  passage  of  the  Jeep  resulted  in  a  high-gear  road). 

The  Jeep  equipped  with  dual  wheels  and  grousers,  is  not  to  be 
compared  with  machines  designed  solely  for  snow  transportation.  Among 
these  are  the  Tucker  Sno-Cat,  the  Army  Weasel  and  the  M-7  Snow  Tractor. 
These  machines  develop  respectively  .6,  1.5  and  .8  pounds  per  square 
inch  bearing  pressure  on  the  snow.  However,  our  field  tests  have 
indicated  that  tractive  power,  not  bearing  value,  is  the  criterion  of 
successful  snow  transportation. 

Machines  designed  solely  for  snow  travel  must  often  be  transported 
to  the  snow  fields  by  truck.  The  snow  Jeep  not  only  has  a  variety  of 
normal  uses,  but  can  also  be  fitted  to  allow  snow  travel  as  outlined 
above  in  about  30  minutes.  Its  capacity  in  hard  going  over  snowbound 
roads  is  limited  to  about  three  men  and  their  snow  survey  equipment. 

From  a  practical  viewpoint,  such  use  contributes  greatly  to  the 
flexibility  of  ordinary  equipment.  For  in  addition  to  their  constant 
use  on  regular  jobs,  they  become  the  means  of  transportation  during 
periods  when  other  equipment  cannot  be  used.  In  our  experience  these 
machines  have  enabled  us  to  maintain  travel  in  winter  season  to  gaging 
stations  and  several  snow  survey  courses.  Many  reaches  of  road  which 
formerly  required  travel  by  ski,  have  now  become  available  to  mechanical 
transportation.  This  has  resulted  in  a  considerable  saving  of  time  and 
man  power,  as  well  as  preventing  the  loss  of  hydrographic  record  which 
otherwise  would  not  be  obtained. 
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WATER  SUPPLY  FORECASTS  BASED  ON  PRECIPITATION 
AS  APPLIED  TO  THE  COLORADO 'AND  AD JACENT  BASI NS 

by 

Wallace  W.  Lamoreux,  Head 
’leather  Bureau  Forecast  Center 
Salt  Lake  City,  Utah 

In  1942,  the  Weather  Bureau  initiated  its  water  supply  forecasting 
service  in  the  Western  States.  For  the  past  several  years  forecasts  have 
been  prepared  using  techniques  which  are  based  on  precipitation-runoff 
relations.  Inaugurating  an  expanded  program  of  wate r-supply  forecasting, 
the  Weather  Bureau,  late  in  1947,  set  up  new'  forecast  centers  at  Portland 
Oregon,  and  Salt  Lake  City,  Utah.  These  two  centers,  together  with  the 
Sacramento  and  Kansas  City  Offices  prepare  forecasts  for  the  Colorado, 
Columbia,  Missouri,  Rio  Grande,  Sacramento-San  Joaquin  and  Great  Basins* 
Beginning  the  first  of  this  year,  these  forecasts  have  been  combined  in  a 
single  bulletin. 

Precipitation  data  (Fig.  l)  from  eleven  Western  States  and  British 
Columbia  are  collected  by  the  various  section  centers  and  relayed  by  ware 
to  the  forecast  centers.  In  all,  data  from  425  stations  are  used  in  pre¬ 
paring  water  supply  forecasts  for  250  points,  issued  as  of  the  first  of 
each  month,  January  through  May. 

LIGHT  and  KOHLER  (l)  describe  the  forecasting  technique  which  was 
developed  in  the  initial  studies  conducted  by  the  “eather  Bureau.  The 
procedure  presently  employed  by  the  Weather  Bureau  is  an  outgrowth  of 
this  earlier  technique.  The  Gunnison  River  Basin  above  Grand  Junction 
(Fig.  2)  has  been  selected  to  illustrate  this  procedure. 

ADJUSTMENT  OF  PRECIPITATION  AND  RUNOFF  DAT/. 


In  dealing  with  long-period  records  such  as  arc  involved  in  analyses 
of  this  kind,  experience  has  shown  the  need  for  adjustment  of  the  precipi 
tation  data  if  best  results  are  to  bo  obtained.  LIGHT  and  KOHLER  (l), 
STANIEY  and  KENNEDY  (2)  and  MERRIAM  (3)  have  described  the  double -mass 
plotting  technique  used  to  correct  for  changes  in  station  location  and 
exposure.  Briefly,  this  technique  involves  the  preparation  of  precipita¬ 
tion  bases  for  the  numerous  sub-basins  (Fig.  3)  against  which  the  records 
of  individual  stations  may  be  compared.  Records  of  ten  or  more  selected 
long-period  stations  are  used  in  making  up  those  precipitation  bases  for 
each  of  the  subareas.  The  winter  (October-April)  precipitation  is  accumu 
lated  for  these  base  stations,  beginning  with  the  latest  year  of  record. 
The  mean  of  these  accumulated  values  is  the  precipitation  base. 

As  a  precaution  against  including  any  erratic  records  in  the  base, 
the  individual  base  station  values  are  plotted  against  the  precipitation 
base.  If  examination  of  the  plotting  sh.ov.rs  decided  or  erratic  changes  in 
the  slope  of  the  curve  for  any  station,  that  station  is  omitted  and  the 
base  is  recomputed* 
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Figure  4  shows  the  accumulated  winter  precipitation  for  each  of  the 
nine  index  stations  used  in  the  procedure  for  the  Gunnison  River  Basin 
plotted  against  the  precipitation  base  for  the  upper  Colorado  River  area. 
Data  from  twenty  stations  make  up  this  particular  base* 

Adjustments  as  indicated  by  the  double-mass  curves  are  applied  to  the 
earlier  years  of  records  bringing  them  in  lino  with  the  most  recent  years. 
Investigation  of  the  station  histories  will  usually  disclose  changes  in 
station  location  or  other  circumstances  which  correspond  to  the  breaks  in 
the  slope  of  the  double-mass  curves. 

Adjustments  of  a  cirnilar  nature  are  usually  required  to  offset  the 
time  trends  which  are  apparent  in  many  of  the  streamflow  records  in  the 
'Test.  There  has  been  in  the  'Testern  States  in  more  recent  years  an  almost 
universal  decrease  in  runoff  per  unit  of  measured  precipitation.  KOHLER 
and  LINSLEY  (4)  point  out  four  factors  to  which  these  time  trends  in  pre¬ 
cipitation-runoff  relations  may  bo  attributed: 

(l)  a  trend  between  actual  and  measured  precipitation,  (2)  a  down¬ 
ward  trend  in  actual  precipitation,  (5)  a  trend  between  actual  and 
measured  runoff,  and  (4)  increased  water  utilization  and  evapora¬ 
tion  losses. 

An  initial  adjustment  of  the  runoff  data  can  frequently  be  made  by 
plotting  the  accumulated  runoff  values  against  the  precipitation  base. 
However,  because  the  relation  between  precipitation  and  runoff  is  usually 
non-linear  and/or  does  not  pass  through  or  near  the  origin,  a  more  satis¬ 
factory  adjustment  procedure  is  to  use  a  simple  plot  of  the  water-year 
runoff  against  the  average  October-April  precipitation  for  the  base 
stations  (Fig.  5)  on  which  a  curve  is  drawn  to  fit  the  most  recent  years 
of  record.  A  mass  curve  can  then  bo  plotted  using  the  computed  against 
the  observed  runoff  and  the  adjustment  factors  determined  from  the  ratio 
of  the  slopes  of  the  sogements  of  the  curve.  In  the  case  of  the  Gunnison 
River  (Fig.  6)  there  is  a  single  break  in  the  mass  curve  between  the 
years  1930  and  31  with  an  adjustment  factor  of  0.83  indicated. 

This  is  a  preliminary  adjustment  to  the  runoff  data.  A  second  adjust¬ 
ment  is  made  later  following  the  development  of  the  precipitation  index. 

DE TERMINATION  OF  STATION  AND  MONTHLY  HEIGHTS 


In  developing  a  precipitation-runoff  forecasting  relation,  it  is 
desirable  to  have  a  good  areal  distribution  of  index  stations  over  the 
basin  for  which  the  forecast  is  to  be  made-.  Because  of  the  sparsity  of 
population,  rugged  topography  and  other  features  common  to  our  Western 
States,  a  perfect  network  of  precipitation  stations  is  not  available* 
There  is  however,  for  most  of  our  Western  basins  an  adequate  long-period 
coverage  of  precipe. ti on  records  from  which  satisfactory  forecasting 
relations  may  be  derived,  if  streamflow  records  of  reasonable  length  are 
available  0 

To  take  full  advantage  of  the  various  precipitation  stations  in  or 
near  a  basin  in  developing  on  index  to  seasonal  runoff,  it  is  essential 


that  a  determination  be  made  as  to  the  relative  importance  of  each  station. 
For  this  purpose  a  multiple  correlation  of  the  total  winter  (October-April) 

.  precipitation  at  each  of  the  selected  stations  with  the  adjusted  water-year 
runoff  from  the  basin  is  used  to  ascertain  the  weights  to  be  assigned  to 
the  individual  stations.  Eight  stations,  numbers  2  through  9  of  Figure  2, 
are  used  in  deriving  the  regression  equation  for  the  Gunnison  River  Basin: 

(1)  Q  -  -0.943  /  0.002P  -  0.023P-  /  0.205P4  /  0.103Pr  - 

0.084Pg  /  0 .090Py  /  0.139P8  /  O.OOIP^ 

where  Q.  is  runoff  in  million  acre-feet,  P  is  October-April  precipitation 
in  inches,  and  the  subscripts  designate  stations  (Fig.  2). 

Station  weights,  the  summation  of  which  is  made  to  equal  1.0,  are 
assigned  on  the  basis  of  the  relative  magnitude  of  the  regression  coeffi- 
•  cients.  The  intercorrelation  of  the  precipitation  values  at  adjacent 
stations  tends  to  magnify  the  variation  in  the  regression  coefficients. 
Therefore  the  coefficients  are  used  only  as  a  guide  in  determining  the 
station  weights.  Stations  which  have  small  negative  coefficients  may  be 
assigned  small  positive  weights,  such  as  the  case  of  the  Crested  Butte 
and  Montrose  stations.  Stations  which  have  large  negative  coefficients  are 
dropped  from  the  analysis. 

To  represent  the  headwaters  of  the  Uncorapahgre  in  the  Gunnison  Basin, 
Ames  (station  1,  Fig.  2)  was  introduced  in  the  group  of  index  stations  and 
arbitrarily  assigned  a  weight.  It  is  pointed  out  that  this  is  a  practice 
that  is  not  ordinarily  followed,  but  in  this  case  meant  a  considerable 
saving  in  time. 

The  summation  of  monthly  precipitation  values  for  the  nine  index 
stations  multiplied  by  the  respective  station  weights  is  the  effective 
monthly  precipitation.  For  the  Gunnison  River  Basin: 

(2)  E  r  O.O8P1  /  0.07P?  /  0.04P,  /  0.25P4  /  0.15P,  ,/  0.04P„  / 

0.10P_  /  0.20P„  /  0.07P  6  '  6 

The  coefficient,  0.80,  of  a  simple  linear  correlation  between  the 
October  through  April  effective  precipitation  and  the  adjusted  runoff 
compares  favorably  with  the  coefficient,  0,83,  of  the  multiple  correla¬ 
tion  performed  above,  and  indicates  that  reasonable  weights  were  assigned 
to  the  index  stations. 

A  procedure  similar  to  that  used  in  determining  sto.tion  weights  is 
followed  in  assigning  monthly  weights.  Monthly  weighting  is  necessary  to 

account  for  variations  in  the  effectiveness  of  precipitation  occurring  at 

different'  times  of  the  year*  Multiple  correlation  of  the  effective  precipi¬ 
tation  for  each  month,  October  through  May,  against  the  adjusted  runoff  is 
used  to  determine  the  monthly  weights .  The  September  and  June  weights  as 
well  as  the  October  through  May  weights  are  assigned  on  the  basis  of  the 
trend  exhibited  by  the  October-May  regression  coefficients*  The  sum  of  the 
monthly  weighs  September  through  June  is  made  to  equal  1*00, 

The  monthly  precipitation  index  is  derived  by  multiplying  the  monthly 
effective  precipitation  by  the  monthly  weight.  The  sum  of  the  monthly 
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precipitation  indices  is  the  seasonal  precipitation  index,  Z. 

(3)  Z  r  O.OGEp,  /  0.07E-,  /  0.08Eo  /  0.09E-  /  0.11E.  /  0.13EC  / 

°  0.14Eg  /  O.I3E7  /  O.llE®  /  O.O8E9  5 

"/here  the  subscripts  0  through  9  designate  the  months  September  through 
J une ,  re  s  pe  c  ti  ve ly . 

"CARRY-OVER"  EFFECT 

To  account  for  the  "carry-over"  effect,  that  is,  the  contribution  which 
ground  water  from  previous  years’  precipitation  may  make  to  runoff  in  any 
particular  year,  a  multiple  correlation  of  the  runoff  against  the  preci¬ 
pitation  index  of  the  corresponding  year  and  that  for  the  previous  year 
is  performed,  for  which  the  general  equasion  is: 

(4)  Q  Z  a  /  bqZ  /  bgZ  prov.  yr. 

The  ratio  of  the  regression  coefficients,  b^  b^,  is  a  measure  of 
the  "carry-over"  from  the  previous  year i’  If  this  ratio  is  greater  than 
0.25,  a  second  correlation  is  performed,  using  two  or  more  previous  years* 
indices,  to  determine  if  the  "carry-over"  effect  extends  beyond  the  next 
previous  year. 

For  the  Gunnison  Basin,  b-,  and  bg  are  computed  to  be  0.2549  and  0.0333, 
respectively,  and  the  resulting  ratio  is  0.13.  On  the  basis  of  this  ratio, 
a  weigh'1-  of  0.1  is  assigned  to  the  previous  year’s  index.  No  significant 
"carry-over"  is  apparent  beyond  the  first  year.  Tho  total  precipitation 
index  for  any  year  is  then  the  sum  of  the  September -June  precipitation 
index  plus  0.1  x  previous  year’s  index. 

■  (5)  q  =  z1  /  0.1  zQ 

FINAL  RUNOFF  ADJUSTMENT 


A  final  runoff  adjustment  is  now  performed.  The  procedure  is  similar 
to  that  used  in  the  initial  adjustment  except  that  the  total  precipitation 
index  can  now  be  used  in  place  of  the  mean  precipitation  of  the  base  sta¬ 
tions.  Observed  runoff  is  plotted  against  the  total  precipitation  index 
and  a  curve  is  fitted  to  the  data  of  the  later  years  (Fig.  7).  Figure  8 
is  the  doublemass  plotting  for  this  final  runoff  adjustment.  In  this  pro¬ 
cedure,  ‘the  adjustment  factor  determined  here,  0.78,  is  only  slightly  dif¬ 
ferent  than  that  indicated  in  tho  preliminary  adjustment. 

Following  the  final  adjustment  of  the'  runoff  data,  the  precipitation 
indices  arc  plotted  against  the  adjusted  runoff  and  a  curve  fitted  to  the 
points  (Fig.  9).  This  graphical  relation  is  the  forecasting  curve  for 
tho  basin. 

FORECASTING  FROM  RELATION 

Tho  relation  thus  established  lends  itself  easily  to  early  season 
forecasts,  an  essential  feature  if  full  advantage  is  to  bo  taken  of  water- 
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supply  forecasting.  As  is  common  to  most  of  tho  forecasting  techniques 
currently  in  use,  an  assumption  must  bo  made  as  to  precipitation  for  tho 
balance  of  the  season,  that  is,  from  date  of  forecast  to  end  of  Juno.  But, 
whereas  most  other  : techniques  are  limited  to  a  forecast  based  on  the  assump¬ 
tion  of  normal  or  average  precipitation  for  the  balance  of  the  season,  tho 
Weather  Bureau  procedure  permits  forecasts  based  on  the  assumption  of 
median,  maximum,  minimum,  quartiles  or  any  other  specified  values  of  pre¬ 
cipitation  occurring  during  the  balance  of  the  season. 

From  an  analysis  of  past  records,  partial  precipitation  indices  are 
derived.  That  is,  the  accumulated  monthly  indices  from  Juno  back  through 
each  month  arc  computed  for  each  year  of  record  and  arranged  in  order  of 
magnitude.  Median,  maximum,  minimum  and  quartile  values  of  the  partial 
indices  are  thus  obtained  which  are  expressions  of  future  precipitation 
which  have  known  probabilities  of  occurrence.  Figure  10  gives  these  par¬ 
tial  precipitation  indices  for  the  Gunnison  Basin  for  the  period  1910-45, 

Figure  11,  the  seasonal  forecasting  sheet,  illustrates  the  computa¬ 
tions  involved  in  preparing  tho  forecasts.  The  total  indices  arc  obtained 
by  combining  tho  accumulated  monthly  index  values  based  on  observed  preci¬ 
pitation  with  the  partial  indices  for  the  remainder  of  the  season  adding 
the  "carry- over"  effect  from  the  previous  year. 

In  addition  to  the  basic  forecast  assuming  median  precipitation  for 
the  remainder  of  the  season,  estimates  can  be  made  based  on  the  assumption 
that  precipitation  for  the  balance  of  the  season  will  equal  the  maximum, 
minimum  or  quartile  values  of  record.  As  pointed  out  by  Bernard  (5),  most 
operational  plans  can  be  held  within  the  range  between  the  upper  and  lower 
quartiles.  Yet  there  are  those  interests  which  have  a  definite  need  for 
the  estimates  of  possible  extremes.  For  instance,  the  demands  of  flood 
control  operation  and  the  decidedly  different  demands  of  power  generation 
illustrate  some  of  the  uses  which  may  be  made  of  the  maximum  and  minimum 
estimates.  The  opportunity  afforded  the  water  user  to  select  the  estimate 
best  suited  to  his  particular  needs  is  a  distinct  advantage. 
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FOR  ADJUSTMENT  OF  PRECIPITATION  DATA 
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.  PRECIPITATION-RUNOFF  PLOTTING  FOR  PRELIMINARY  ADJUSTMENT 
(GUNNISON  RIVER  NEAR  GRAND  JUNCTION,  COLORADO) 
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Fig.  6.  DOUBLE-MASS  PLOTTING 

FOR  PRELIMINARY  RUNOFF  ADJUSTMENT 
NISON  RIVER  NEAR  GRAND  JUNCTION,  COLORADO) 
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Fig.  7.  PRECIPITATION-RUNOFF  PLOTTING 
FOR  FINAL  RUNOFF  ADJUSTMENT 
NISON  RIVER  NEAR  GRAND  JUNCTION,  COLORADO) 
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Fig.  8.  DOUBLE-MASS  PLOTTING 
FOR  FINAL  RUNOFF  ADJUSTMENT 
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.9.  FINAL  PRECIPITATION-RUNOFF  RELATION 

FOR  THE 

NISON  RIVER  NEAR  GRAND  JUNCTION,  COLORADO 
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Fig.  10.  SMOOTHING  OF  PARTIAL  PRECIPITATION  INDICES 
(GUNNISON  RIVER  NEAR  GRAND  JUNCTION,  COLORADO) 
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A  METHOD  OF  PREDICTING  INFLOW  TO  LAKE  MEAD 
DURING  THE  MONTH  OF  JULY 

by 

Frantz  R.  Lupton 

Office  of  River  Control,  Bureau  of  Reclamation 
Boulder  City,  Nevada 

Introduction 

The  operation  of  Hoover  Powerpiant  and  Lake  Mead  for  the  multiple 
purposes  of  flood  control,  irrigation  and  domestic  uses,  and  power 
production  requires  the  extensive  use  of  inflow  forecasts.  General 
operating  criteria  have  been  established  that  on  April  1  of  each  year 
a  total  of  at  least  9,500,000  acre-feet  below  elevation  1229  shall  be 
available  to  store  flood  season  runoff.  In  addition,  after  August  1 
the  requirement  has  been  established  that  a  total  of  2,500,000  acre-feet 
will  be  kept  available  as  a  precaution  against  possible  large  rain 
floods  'which  may  occur  above  Lake  Mead  after  August  1. 

Operation  for  power  production  is  last  in  priority  among  the 
multiple  purposes  of  Hoover  Dam.  But,  since  power  revenues  are 
primarily  responsible  for  repaying  the  construction  and  operation  and 
maintenance  costs  of  Hoover  Dam,  close  attention  is  required  to  assure 
every  effort  is  made  to  put  all  of  the  water  passing  Hoover  Dam  through 
the  powerpiant.  In  this  effort  limitations  of  installed  capacity  and 
storage  capacity  are  the  important  factors  with  the  restriction  that 
severe  withdrawal  of  stored-  water  must  be  avoided  in  order  to  protect 
irrigation  and  power  interests  in  future  dry  years. 

The  basic  requirement  of  any  forecast  used  for  operational 
purposes  is  that  the  error  be  as  small  as  possible.  If  perfect  fore¬ 
casts  could  be  prepared  operational  problems  would  be  minor,  but  since 
this  is  not  the  case  methods  of  operation  versatile  enough  to  handle 
inflow  that  may  possibly  occur  must  be  used. 

The  April  1  forecast  issued  by  the  Office  of  River  Control  has  the 
possible  error  of  plus  or  minus  2,9  million  acre-feet  from  the  mean 
forecasted  value.  The  difference  between  the  maximum  and  minimum  fore¬ 
cast  is  of  such  magnitude  that  in  most  cases  bypassing  of  water  around 
Hoover  Dam  would  be  necessary  if  maximum  inflow  occurs  or  there  would 
be  a  deficient  holdover  storage  if  minimum  inflow  is  experienced.  With 
this  situation  in  mind  a  method  of  predicting  inflow  to  Lake  Mead  with 
the  object  of  obtaining  a  more  accurate  determination  of  actual  inflow 
that  is  occurring  as  soon  as  possible  during  the  flood  season  would  be 
of  utmost  value  for  operational  purposes.  This  paper  is  presented  to 
explain  the  method  used  in  forecasting  inflow,  during  the  latter  part 
of  the  spring  runoff  period.  By  means  of  these  forecasts,  it  is 
possible  to  predict  the  remainder  of  the  spring  inflow  r/ithin  progres¬ 
sively  narrower  limits  between  June  20  and  the  end  of  July,  and  to  use 
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such  data  in  planning  operations  of  Hoover  Dam  and  Powerplant  so  as  to 
avoid  high  releases  which  might  be  required  if  actions  we re  delayed, 
or  to  avoid  unnecessary  wasting  of  water  in  the  event  actual  spring 
runoff  did  not  reach  earlier  predictions. 

Search  for  Methods  of  Forecast 

Inspection  of  hydrographs  for  the  Colorado  River  near  Grand 
Canyon,  Arizona,  (the  point  of  inflow  measurements  to  Lake  Mead) 
reveals  that  the  peak  discharge  during  the  flood  season  runoff 
practically  always  occurs  before  the  end  of  June.  Also,  after  this 
peak  inflow  is  reached  a  gradual  decline  of  discharge  follows,  except 
for  minor  peaks  due  to  rain  floods  which  may  occur  from  storms  over 
the  drainage  basin  during  the  latter  part  of  June  and  the  month  of  July. 
This  observation  indicates  the  fundamental  principle  underlying  the 
method  herein  presented,  namely  that  the  decline  of  river  discharge  is 
on  the  average  symmetrical  enough  to  permit  projecting  the  curve  for  a 
period  in  the  future  to  give  an  estimate  of  total  flow  from  the  initial 
day  of  such  a  forecast  to  July  31. 

The  initial  forecast  method  used  by  this  office  was  made  by  the 
use  of  a  normal  recession  curve  principle,  starting  with  the  observed 
river  flow  on  June  30  and  estimating  the  flow  for  each  following  day 
during  the  month  of  July  and  thereby  obtaining  a  forecast  of  inflow  for 
the  month  of  July.  Plates  1  and  2  show  the  normal  recession  curve  used 
in  this  method.  Plate  1  shows  the  lower  portion  of  the  recession  curve 
using  a  magnified  scale;  Plate  2  shows  the  upper  portion  of  the  curve. 

In  use,  the  chart  is  entered  on  the  ordinate  with  observed  flow  on 
June  30  and  the  estimated  flow  24  hours  later  read  on  the  abscissa. 

This  process  is  continued  from  the  starting  day,  re-entering  the  chart 
with  each  reading  taken  from  the  abscissa  until  estimated  flows  are 
made  for  each  day  throughout  the  month  of  July.  Totaling  the  daily 
estimates  gives  the  forecasted  inflow  during  July.  An  example  of  the 
use  of  this  method  for  July  194&  is  given  on  Plate  3.  Actual  observed 
inflow  is  shown  by  the  block  diagram;  estimated  flow  for  each  day  is 
indicated  by  the  curve.  The  preliminary  estimate  made  on  July  1  was 
revised  on  July  3  after  a  minor  increase  in  flow  on  July  1  and  2, 
which  was  probably  due  to  precipitation  from  a  storm  over  the  upper 
drainage  basin  on  June  21  and  22,  1943.  Forecasted  inflow  using  this 
method  gave  an  error  of  9.1  percent  below  the  actual  observed  inflow. 

As  this  forecast  procedure  indicated  a  definite  relationship 
between  flow  on  June  30  and  the  resultant  total  inflow  during  the 
month  of  July,  the  next  relationship  intimated  was  a  correlation  of 
June  30  inflow  and  total  inflow  for  the  month  of  July.  A  simple 
correlation  of  average  daily  June  30  flow  in  cubic  feet  per  second  and 
total  July  runoff  in  acre-feet  at  Grand  Canyon,  Arizona,  was  made  using 
all  years  for  which  records  were  available,  namely  1923  through  1947. 

The  first  assumption  was  that  the  relationship  between  the  two  variables 
would  be  a  straight  line.  Results  of  the  linear  correlation  were  highly 
significant;  a  coefficient  of  correlation,  R  =  0.94?  and  the  coefficient 
of  determination,  d  =  0,88.  The  coefficient  of  determination  of  0.88 
shows  that  88  percent  of  the  variability  of  the  total  July  inflow  in 
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acre-feet  is  accounted  for  in  using  the  average  daily  flow  at  Grand 
Canyon  on  June  30.  This  correlation  resulted  in  a  nine  out  of  ten 
probability  range  of  370,200  acre-feet,  or  in  other  words,  in  any 
future  forecast  there  are  nine  chances  out  of  ten  that  the  actual  value 
of  runoff  will. fall  within  a  range  of  plus  or  minus  370,200  acre-feet 
of  the  forecasted  value.  The  next  step  considered  wa s  whether  a  straight 
line  is  adequate  or  if  a  better  correlation  could  be  obtained  using  a 
curvilinear  relationship.  Several  curves  were  tried  and  the  one  having 
the  highest  correlation  is  given  graphically  on  Plate  4»  The  best  fit 
of  the  data  was  obtained  with  the  smooth  freehand  curve  shown.  A 
curvilinear  relationship  is  considered  logical  as  the  normal  recession 
curve  indicates  a  rather  steep  decrease  in  day  to  day  flow  when  high 
values  are  experienced,  flattening  out  considerably  with  low  flows. 

Also,  if  the  flow  on  June  30  is  zero,  it  is  illogical  that  a  forecast  of 
zero  inflow  would  be  made  for  the  total  month  of  July.  The  logical 
assumption  is  that  the  curve  should  rise  steeply  at  first  and  then  less 
and  less  sharply,  thus  approaching  an  asymptote.  The  coefficient  of 
determination  of  the  curve 'was,  d  =  91,  compared  to,  d  =  38,  for  the 
straight  line  correlation.  This  indicates  an  increase  of  3  percent  of 
the  variability  of  July  inflow  is  accounted  for  by  using  a  curvilinear 
rather  than  a  linear  relationship.  Also,  the  nine  out  of  ten  probability 
range  was  lowered  from  370,200  acre-feet  to  321,600  acre-feet  with  the 
curvilinear  correlation.  The  curvilinear  relationship  has  been  adopted 
for  use,  rather  than  the  straight  line  correlation,  for  forecasting 
July  inflow  because  of  the  lower  range  of  possible  error  of  the  fore¬ 
casted  value  from  the  actual.  The  1943  July  inflow  forecast,  using 
Plate.  4 ,  would  have  been  in  error  by  7.8  percent  below  the  actual 
observed  inflow. 

The  curvilinear  relationships  between  average  daily  initial  flow 
and  total  flow  for  the  periods  June  20  through  July  31j  July  10 
through  July  31;  and  July  20  through  July  31;  were  computed  and  are 
shown  graphically  on  Plate  5.  The  variables  of  average  daily  flow 
and  total  flow  have  been  interchanged  from  ordinate  and  abscissa  as 
shown  on  Plate  4?  however,  the  June  30th  curve  on  Plate  5  indicates 
identical  values  with  the  mean  curve  on  Plate  4.  The  nine  out  of 
ten  probability  of  these  correlations  range  from  999,500  acre-feet 
on  June  20  to  121,800  acre-feet  on  July  20  for  the  forecast  period 
from  the  initial  date  through  July  31.  The  coefficient  of  correlation 
varies  from  0a69  to  0.95,  the  highest  correlation  being  obtained  for 
the  June  30  curve.  This  chart  is  of  value  in  indicating  inflow 
expected  through  July.  31  from  as  far  ahead  as  June  20. 
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A  comparison  of  forecasts 
194^  are  as  follows: 

using  the  above 

methods  for 

the  year 

Forecasted 
Inflow 
Acre -Feet 

Actual 

Inflow 

Acre-feet 

Percent 
Error  from 
Actual 

Using  Recession  Curve  on 

July  1  (Plates  1  &  2) 

761,700 

1,009,000 

»  24.5 

Using  Recession  Curve  Adjusted 
to  July  3  (Plates  1  &  2) 

916, 800 

1,009,000 

-  9.1 

Curvilinear  Correlation 
(Plate  5) 

On  June  21 

On  July  1 

On  July  11 

On  July  20 

2,235,000 

930,000 

645,000 

250,000 

1,648,000 

1,009,000 

520,300 

219,400 

+  35.6 

-  7.8 

+  23.9 
+  13.9 

Conclusions 

For  better  operational  control  of  Hoover  Fowerplaht  and  Lake  Mead 
the  use  of  inflow  forecasts  during  the  month  of  July  is  of  utmost  value. 
In  many  cases  the  problem  of  whether  bypassing  will  be  necessary  may  be 
solved  by  use  of  the  July  forecasts,  as  operation  plans  adopted  in 
April  or  May  do  not  usually  call  for  bypassing  until  July  1  and  only 
then  if  the  maximum  forecasted  inflow  occurs.  Use  of  this  method  may 
indicate  as  far  in  advance  as  June  20  the  expected  total  inflow  for 
the  April  through  July  period  and  aid  in  determining  whether  maximum 
or  minimum  conditions  of  inflow,  as  indicated  by  earlier  forecasts, 
are  being  experienced. 

The  recession  curve  is  somewhat  more  versatile  and  may  be  used  in 
predicting  day  by  day  flow  with  adjustments  for  minor  peak  flows  that 
may  be  experienced.  Forecasts  made  from  the  recession  curve  are  usually 
below  the  actual  observed  as  the  curve  approximates  an  envelope  curve 
of  the  minimum  expected  runoff.  Any  minor  peaks  in  streamflow  due  to 
local  rain  runoff  will  result  in  actual  flows  exceeding  the  forecast. 

The  correlation  curves  provide  a  means  of  forecasting  the  residual 
inflow  expected  through  July  31  and  are  an  accurate  and  fast  method  of 
forecasting  this  flow  from  data  readily  available.  They  are  of  utmost 
value  for  determining  whether  maximum,  mean,  or  minimum  forecasted 
inflow,  as  indicated  by  earlier  forecasts  for  the  April-July  period, 
is  occurring,  and  make  possible  improved  operational  planning  by  the 
Office  of  River  Control. 

The  methods  presented  in  this  paper,  in  addition  to  inflow  fore¬ 
casts  made  by  the  Office  of  River  Control  for  the  April  through  July 
period,  have  proven  their  value  for  operation  of  Hoover  Powerplant  and 
Lake  Mead  for  the  purposes  of  flood  control,  irrigation,  and  power 
production.  However,  there  is  considerable  left  to  be  desired  in  the 
accuracy  of  all  forecasts.  Methods  of  improving  forecasting  techniques, 
so  as  to  secure  greater  accuracy  and  utility  for  operational  use,  are 
constantly  being  sought,  whenever  personnel  can  be  assigned  to  such 
research. 
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•  OPERATING  T'TATER  AND  POMER  FACILITIES 
'71  THIN  MAXB .KM  -  AND  MINIMUM  71. TER  LI:  1  ITS 

•  by 
Dan  Mason 


Electrical  Engineer 

Los  Angeles  Department  of  VJater  and  Power  -  Power  System 
Power  Operating  and  Maintenance  Division 
Research  and  Records  Section 

Out  purpose  in  discussing  the  problems  encountered  in  operating 
Department  ’facilities  within  maximum  and  minimum-  water  limits  is  to  show 
the  definite  relation  of  such  operation  to  stroamflow  forecasting* 

Since  at  the  present  time  the  Department  obtains  the  major  portion  of 
its  electrical  energy  from  Hoover  Power  Plant  and  it  is  probo.bly  that 
hydro  plants  on  the  Colorado  River  will  continue  to  be  the  main  source 
for  some  time  in  the  future,  any  factors  which  might  influence  the  most 
important  source  of  energy  arc  of  considerable  interest  to  the -Depart¬ 
ment*  In  this  paper  the  preparation  of  the  Department’s  annual  Power 
System  operating  schedules  will  be  outlined,  with  emphasis  on  the  effect 
of  variations  in  the  energy  available  from  Hoover  Power  Plant  in  parti¬ 
cular* 

Energy  for  supplying  the  Department’s  loads  is  obtained  from  the 
following  sources: 

1  -  Department  Aqueduct  and  Ovens  Valley  hydro-plants. 

2  -  Department  steam  plants* 

3  -  Hoover  Power  Plant, 

4  -  Other  utilities* 

Generation  at  the  Aqueduct  plants  and  -in  part  at  the  Owens  Valley 
plants  is  governed  largely  by  the  water  requirements  of  tho  City  of  Los 
Angeles.  Since  the  water  from  Owens  Valley  passes  through  tho  Aqueduct 
plants  on  its  way  to  Los  Angelos,  the  generation  at  these  plants  roflcct 
primarily  variations  in  water  requirements,  rather  than  in  electric 
energy  requirements.  Lower-end  reservoirs  permit  considcro.blc  fluctua¬ 
tion  in  generation  and  water  flow  for  short  periods;  however,  on  an  aver 
ago  monthly  or  annual  basis,  need  for  water  is  the  controlling  factor  in 
Aqueduct  generation* 

VJater  consumption  in  Los  Angeles  at  the  present  is  such  that  the 
Los  Angeles  Aqueduct  must  be  operated  at  a  rather  high  annual  load  fac¬ 
tor:,  thereby  increasioig  operating  difficulties,  oven  with  the  smoothing 
effect  of  the  lower-end  reservoirs.  During  winter  months  -when  the  Power 
System’s  electric  load  is  high,  water  requirements  in  Los  Angeles  a.re 
normally  at  the  low  pointj  during  the  summer  months  when  water  require¬ 
ments  are  high,  the  Power  System's  load  is  at  its  minimum*  ‘Vhonovor  it 
is  necessary  to  take  portions  of  the  Aqueduct  out  of  service  between 
Owens  Valley  and  Los  Angeles  for  maintenance  work  and  repairs,  the  VJater 
System  ordinarily  would  prefer  to  do  so  during  winter  months,  just  at 
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the  time  when  the  Power  System  requirements  are  high.  In  addition  to 
making  it  more  difficult  to  supply  energy  requirements,  this  also  makes 
it  more  difficult  to  provide  the  necessary  generating  capacity  at  the 
tine  of  the  Power  System  winter  peaks. 

Although  generation  at  Haiwce  Power  Plant  at  the  lower  end  of  Owens 
Valley  depends  largely  upon  the  required  Aquoduct  flow,  other  factors 
determine  the  generation  at  the  remaining  Owens  Valley  plants.  In  a  dry 
year  and  especially  in  a  series  of  dry  years  in  Owens  Valley,  the  avail¬ 
able  surface  water  supply  would  sot  the  lower  limit.  The  local  Owens 
Valloy  electric  load  and  the  ability  of  an  interconnected  utility  tc 
absord  electric  energy  from  Owens  Valley  would  fix  the  upper  limit.  Tho 
energy  available  from  the  present  Owens  Valley  plants  is  only  a  very 
small  percentage  of  tho  Department  total;  however,  the  Gorge  plants  now 
under  construction  will  in  the  next  few  years  add  a  comparatively  large 
block  of  energy  which  must  be  taken  into  consideration  in  tho  preparation 
of  operating  schedules. 

The  second  source  of  energy,  generation  at  the  Department’s  steam 
plants,  can  vary  within  wide  limits.  The  minimum  is  fixed  by  tho  gener¬ 
ation  necessary  to  provide  capacity  for  spinning  reserve  plus  some  -load 
during  peak  periods.  In  addition  to  generation  for  energy  requirements, 
it  is  necessary  to  have  surplus  generating  capacity  connected  to  the 
system  at  all  times  so  that  the  failure  of  equipment  will  not  make  it 
necessary  to  drop  load.  Steam  generating  units  cannot  be  operated  at 
zero  load,  since  a  definite  amount  of  steam  must  pass  through  the  tur¬ 
bines  at  all  times  while  in  operation,  to  prevent  undesirable  thermal 
changes  with  consequent  damage  to  tho  turbines.  Bocauso  of  this,  it  is 
sometimes  necessary  to  generate  steam  energy  as  a  by-product  of  providing 
spinning  reserve  capacity,  when  it  would  bo  desirable  to  use  Hoover 
energy  instead.  The  maximum  is  fixed  cither  by  tho  generation  necessary 
to  meet  energy  requirements  (over  and  above  generation  at  the  Aqueduct 
and  Owens  Valley  plants  and  the  minimum  allowable  generation  at  Hoover), 
or  by  the  plant  capability,  whichever  is  smaller. 

Generation  at  the  steam  plants  may  be  e.ffectod  by  the  kind  and 
price  of  fuel  oil  available  at  tho  time.  Oil  is  the  fuel  ordinarily 
used;  however,  during  the  Summer  months  natural  gas  (usually  somewhat 
cheaper  on  a  heat-content  basis  than  oil)  nay  be  available  in  consider¬ 
able  amounts  and  is  used  in  preference  to  oil. 

Energy  from  the  third  source.  Hoover  Power  Plant,  can  also  vary 
within  comparatively  wide  limits.  In  addition  to  variations  caused  by 
different  amounts  of  secondary  energy  being  declared,  the  energy  avail¬ 
able  for  transmission  to  the  City  is  also  affected  by  sales  of  Hoover 
energy  to  Basic  Magnesium  Project  and  to  the  U.S.B.R.  for  resale  to  Ari¬ 
zona  Utilities.  Sales  to  the  latter  in  particular  chango  a  great  deal 
from  month  to  month,  being  determined  largely  by  irrigation  requirements 
in  Arizona. 

As  explained  in  the  paper  presented  by  Hr.  Kaser  at  the  fourth 
annual  meeting  of  Forecast  Committee  at  Reno,  the  Office  of  River  Con¬ 
trol  of  the  U.  S.  3uroau  of  Reclamation  prepares  forecasts  of  the  Colo¬ 
rado  River  runoff  to  be  used  in  operating  Hoover  Power  Plant.  The 
Bureau,  in  conjunction  with  allottees  of  energy  at  Hoover  Power  Plant 
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(including  tho  Department  of  'later  and  Power),  from,  time  .to  tine  during 
the  course  of  a  year  determines  the  energy  available  at  Hoover  Power 
Plant,  the  amount  depending  mainly  upon  the  prospective  runoff.  Tho 
Bureau  of  Reclamation  quite  properly  uses  only  its  own  forecast  in  the 
determination  of  the  available  Hoover  energy.  Since  streamflow  fore¬ 
casting  has  not  yet  been  advanced  to  the  point  at  which  the  Colorado 
River  runoff  during  tho  Hoover  operating  year  (Juno  1  -  May  31)  ca.n  be 
predicted  with  a  -hi  gh  degree  of  accuracy  at  the  beginning  of  the  oper¬ 
ating  year,  the  Department's  operating  schedule  must  of  necessity  occas¬ 
ionally  be  revised  to  meet  any  changes  in  available  Hoover  energy.  This 
last  statement  should  not  be  considered  as  a  criticism  of  any  regulatory 
body,  since  tho  problem  arises  not  from  any  policy  set  by  such  body,  but 
rather  from  the  inherent  difficulty  of  making  highly  accurate  streamflow 
forecasts • 

Usually  a  tentative  figure  for  the  available  Hoover  energy  is  deter¬ 
mined  by  the  Bureau  of  Reclamation  near  the  beginning  of  tho  operating 
year.  In  setting  up  the  Deparment* s  operating  schedule  the  possibility 
of  increases  in  Hoover  energy  later  in  the  year  must  always  be  consi¬ 
dered;  on  the  other  hand,  sufficient  energy  from  sources  other  than 
'Hoover  should  be  scheduled  during  the  first  part  of  the  year  so  that 
prolonged  unscheduled  outages  of  other  plants  or  large  units  would  not 
prevent  meeting  load  requirements,  oven  though  no  additional  Hoover 
energy  should  be  made  available# 

Generation  at  cither  hydro  or  steam  plants  will  be  affected  when¬ 
ever  it  is  necessary  to  take  equipment  out  of  service  for  overha.uls 
or  repairs.  Tho  overhaul  schedule  requires  thorough  co-ordination 
with  the  generation  schedule  and  is  subject  to  periodic  revision# 

The  last  source  of  energy  is  purchases  from  other  utilities,  such 
purchases-  ordinarily  being  made  in  a  year  in  which  only  a  limited  amount 
of  Hoover  energy  is  available.  The  amount  of  purchased  energy  is  small 
compared  to  total  system  requirements « 

In  the  operation  of  Department  facilities  it  is  necessary  to  con¬ 
sider  all  of  the  sources  of  energy  and  the  fo.ctors  which  may  affect 
them#  The  scheduling  of  the  utilization  of  energy  from,  the  various 
sources  requires  careful  integration  of  those  sources,  if  efficient 
and  economical  operation  is  to  be  obtained# 

In  the  preparation  of  annual  operating  schedules  the  first  step 
is,  of  course,  estimating  the  system  load.  Estimating  the  Department's 
own  system  load  presents  only  moderate  difficulty;  however,  sales  to 
other  utilities  or  other  largo  wholesale  customers  such  as  the  Arizona 
Utilities  just  mentioned  cannot  be  estimated  accurately.  After  the 
load  estimates  have  been  completed  and  a  tentative  overhaul  program  has 
boon  established,  the  next  stop  is  tabulating,  by  month,  the  following: 

1  -  Generation,  at  tho  Aqueduct  and  Owens  Valley  plants# 

2  -  Minimum  generation  at  each  steam  plant. 

3  --  Increased  generation  at  tho  steam  plants  sufficient  to 

utilize  the  estimated  available  gas,  if  any. 
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Generation  for  the  Department  at  Hoover  Power  Plant. 
Additional  generation  at  the  steam  plants,  (if  needed), 
sufficient  to  satisfy  system  load  requirements.  Bio 
additional  generation  is  scheduled  at  the  most  effi¬ 
cient  plant  first  until  its  full  capacity  is  reached, 
then  at  the  next  most  efficient  plant,  and  so  on. 

Energy  purchased  from  other  utilities,  if  any. 

The  steam  generation  and  Hoover  generation  may  then  be  rearranged 
to  some  extent  if  necessary.  In  a  year  with  a  largo  amount  of  Hoover 
energy  available  it  is  usually  necessary  to  schedule  considerably  more 
Hoover  generation  per  month  in  the  winter  than  in  the  summer;  unless 
the  Hoover  generation  is  scheduled  at  a  high  rate  in  months  when  the 
system  load  is  high  it  is  much  more  difficult  to  absorb  all  the  Hoover 
energy  available  during  the  year.  Normally  in  a  dry  year  the  Depart¬ 
ment’s  Hoover  generation  would  be  scheduled  at  a  more  nearly  constant 
rate;  the  amount  being  smaller,  no  particular  difficulties  are  presented 
in  its  absorption. 

"Jh.cn  the  Department's  Hoover  generation  schedule  is  completed  tho 
estimated  schedules  of  all  the  other  allottees  at  Hoover  Power  Plant 
are  combined  with  that  of  the  Department,  and  tho  total  is  examined  to 
make  certain  that  the  water  released  is  sufficient  for  downstream,  irri¬ 
gation  requirements;  if  not,  sufficient  generation  is  then  shifted  from 
non-critical  months  to  months  with  high  irrigation  requirements. 

Alien  the  Hoover  schedule  is  finally  approved  by  the  Bureau  of 
Reclamation  it  is  used  as  the  basis  for  system  operation  until  the  out¬ 
look  for  the  Colorado  River  runoff  changes  sufficiently  to  .justify  a 
new  estimate  of  Hoover  energy  by  the  Bureau.  It  then  becomes  necessary 
to  prepare  a  new/  operating  schedule  taking  into  account  any  changes  in 
Department  conditions  and  loads,  as  well  as  in  Hoover  energy.  It  is 
sometimes  necessary  to  revise  tho  schedule  several  times  during  the 
course  of  an  operating  yc-r  if  runoff  prospects  improve  a.  great  deal  as 
the  year  progresses,  following  in  general  tho  procedure  just  described. 

If  the  amount  of  Hoover  energy  wore  definitely  fixed  at  the  begin¬ 
ning  of  the  operating  year,  cither  at  the  minimum  of  firm  energy  only, 
or  at  the  maximum  with  unlimited  secondary  energy,  system  operation 
would  be  greatly  simplified,  since  the  operating  schedule  could  roadily 
bo  sot  up  to  conform  with  either  condition.  Under  actual  operating  pro¬ 
cedures,  however,  revisions  in  the  Hoover  energy  greatly  incroa.sc  oper¬ 
ating  difficulties,  as  previously  pointed  out.  To  illustrate  how  tho 
Department’s  operating  expenses  may  be  increased  by  such  revisions,  let 
us  consider  a  hypothetical  case,  with  conditions  somewhat  like  those  cf 
the  present  operating  year: 

Assume  that  at  the  beginning  of  an  operating  year,  firm  energy  only 
is  declared  available  at  Hoover  Power  Plant,  the  Department's  share 
being  approximately  2  billion  kilowatt-hours .  Assume  the  system  load 
for  tho  year,  (excluding  deliveries  of  Hoover  energy  to  other  municipal¬ 
ities),  to  be  4.5  billion  kilowatt-hours .  If  the  estimated  Aqueduct  and 
Owens  Volley  hydro  energy  is  450  million  kilowatt-hours,  then  the  re¬ 
quired  steam  generation  would  be  2.05  billion  kilowatt-hours,  (assuming 


63 


no  purchases  fron  other  utilities).  Tilth  the  present  steam  plants,  not 
all* of  the  required  steam  energy  could  be  scheduled  at  high-efficiency 
plants.  Approximately  200  million  kilowatt-hours,  in  addition  to  the 
minimum  required  for  spinning  reserve  and  peaking,  would  have  to  be  gen¬ 
erated  at  plants  of  medium  efficiency.  In  order  to  be  on  the  safe 
side  in  case  no  additional  Hoover  energy  should  be  made  available, 
or  in  case  of  a  prolonged  outage  of  a  large  generating  unit  as  a 
result  of  breakdown,  approximately  one-half  of  these  200  million 
kilowatt-hours  ordinarily  would  be  scheduled  for  generation  during 
the  first  half  of  the  operating  year* 

Assume  then  that  about  the  middle  of  the  year  runoff  prospects 
improve  so  much  that  the  Bureau  of  .Reclamation  releases  an  additional 
500  million  kilowatt-hours  of  Hoover  energy  to  the  Department.  The 
steam  generation  scheduled  for  tho  rest  of  the ‘year  would  be  decreased 
by  a  like  amount,  generation  at  the  plants  of  medium  efficiency  being 
decreased  to  the  minimum  first,  of  course,  before  the  high  efficiency 
plants  were  unloaded.  Thus  it  would  not  be  necessary  to  generate 'about 
one-half  of  tho  200  million  kilowatt-hours  above,  which  had  been  sche¬ 
duled  at  plants  of  medium  efficiency.  However,  because  100  million  kil¬ 
owatt-hours  would  have  boon  generated  at  those  loss  efficient  plants  in 
the  first  part  of  the  year,  the  Department  would  have ’ incurred  an  oper¬ 
ating  expense  which  could  have  been  avoided  had  it  boon .known  in  advance 
that  additional  Hoover  energy  was  forthcoming.  Generation  of  100  million 
kilowatt-hours  at  the  Department's  high-efficiency  steam  plants  would 
require  the  incremental  use  of  about  180,000  barrels  of  fuel  oil;  genera¬ 
tion  of  a  like  amount  of  energy  at  plants  of  lower  efficiency  would  have 
required  at  least  230,000  barrels.  ~7ith  oil  at  $2.00  per  barrel  the 
additional  cost  to  the  Department  of  generating  the  100  million  kilowatt- 
hours  at  plants  of  medium  efficiency  would  have  beon  I TOO, 000, 

Uncertainty  at  tho  beginning  of  the  year  as  to  the  amount  of  avail¬ 
able  Hoover  energy  may  cause  the  Department  additional  expense  in  another 
way.  Assume  that  at  the  end  of  March,  the  Bureau  of  Reclamation  releases 
to  the  Department  (in  addition  to  the  500  million  kilowatt-hours  pre¬ 
viously  mentioned  )  another  largo  block  of  Hoovor  energy,  for  examples 
200  million  kilowatt-hours.  Assume  also  that  natural  gas  in  an  amount 
equivalent  to  200,000  barrels  of  oil  is  available  in  April  and  May,  which 
if  burned  at  our  steam  plants  would  produce  90  million  killowatt-hours* 

In  order  to  use  as  much  of  the  additional  200  million  kilowatt  hours  of 
Hoover  energy  as  possible,  it  would  bo  necessary  to  reduce  generation 
at  all  steam  plants  to  the  minimum  required  for  spinning  'reserve  and 
peaking.  If  tho  minimum  allowable  should  be  80  ’million  kilowatt-hours, 
then  10  million  kilowatt-hours  would  have  boon  generated  previously 
using  oil  which  could  have  been  generated  using  gas  in  April  and  May* 

On  on  incremental  basis  the  generation  of  10  million  kilowatt-hours 
would  have  required  about  18,000  barrels  of  oil*  "Tith  oil  at  $2.00  per 
barrel,  tho  cost  of  tho  gas  equivalent  would  bo  about  $>lo50  per  barrel* 
Generation  of  the  10  million  kilowatt-hours  using  o'il  would  have  cost 
$36,000;  using  gas  the  cost  would  havo  been  f 27, 000,  The  Department 
would  therefore  have  incurred  an  additional  expense  of  $9,000. 

The  Department  may  be  affected  adversely  in  still  another  way  in 
this  example  because  the  amount  of  Hoovor  energy  was  not  definitely 
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known  in  advance •  Assume  that  out  of  the  200  million  kilowatt-hours  of 
additional  Hoover  energy  in  April  and  May,  100  million  kilowatt-hours 
could  not  be  absorbed  by  the  Department,  the  reason  being  as  follows: 
During  'the  hours  of  the  day  when  tho  Department’s  system  load  is  high, 
the  use  of  Hoover  energy  xvould  be  limited  to  a  definite  amount  by  tho 
generating  capacity  at  Hoovor:  during  hours  when  tho  system  load  is 
low,  the  use  would  bo  limited  to  the  difference  between  the  systom  load 
and  the  minimum  allowable  generation  at  other  plants.  As  a  rosult,  100 
million  kilowatt-hours  would  have  boon  generated  previously  using  oil 
which  could  have  boon  replaced  by  Hoover  energy.  The  generation  of  thoso 
100  million  k i 1 owa t t-h our s  of  steam  energy  would  have  required  at  least 
180,000  barrels,  costing  $360,000.  If  tho  100  million  kilowatt-hours 
could  have  been  taken  from  Hoovor  Power  Plant,  the  energy  would  have 
been  billed  at  the  Hoover  secondary  rate  (approximately  0,5  mills  per 
kilowatt-hour)  and  tho  cost  to  tho  Department  would  have  been  about 
$50,000.  Thus  the  Department  would  have  been  subjected  to  another  addi¬ 
tional  expense  of  $310,000. 

YJhilo  the  total  of  the  additional  oxpensos  in  tho  preceding  example 
is  $419,000,  the  magnitude  of  additional  operating  expenses  arising  from 
uncertainty  as  to  the  amount  of  Hoover  energy  which  could  be  oxpectod  in 
any  given  year  would,  of  course,  do pend  upon  tho  specific  conditions  in 
tho  given  year.  The  example  given,  while  based  on  conditions  similar 
to  those  of  1948-49,  is  not  nocossarily  typical. 

In  addition  to  the  readily-evaluated  items  of  expense  shown  in  tho 
example,  revisions  in  tho  amount  of  available  Hoover  energy  can  cause 
the  Department  considerable  trouble  in  scheduling  equipment  overhauls. 

If  units- at  Hoovor  Power  Plant  have  been  scheduled  for  overhaul  in 
April  and  May,  and  a  largo  additional  amount  of  Hoovor  energy  'should  bo 
made  available  in  these  months,  the  overhaul  of  these  units  ordinarily 
would  be  postponed,  to  permit  generating  and  transmitting  as  much  of  tho 
additional  energy  as  possiblo.  This  postponement  could  disrupt  tho 
overhaul  program  for  the  entire  year.  Although  it  might  bo  difficult 
to  assign  a  definite  value  to  the  monetary  loss  resulting  from  tho 
rearrangement  of  the  overhauls,  in  some  instances  the  loss  could -be 
considerable.  If  it  should  become  necessary  to  overhaul  two  or  more 
large  units  simultaneously  and  to  place  in  operation  low-officiency  steam 
units  (normally  shut  down)  in  order  to  have  sufficient  spinning  rcsorvo, 
tho  additional  expense  might  be  $20,000  to  $30,000  per  month. 

In  the  future,  as  the  older,  less  efficient  steam  plants  are  re¬ 
placed  by  modern  installati ons  under  our  construction  program,  one  of 
the  difficulties,  that  of  avoiding  generation  on  low-efficiency  steam 
units,  will  be  eliminated.  Load  growth  may  alleviate  the  problem  of 
absorbing  large  amounts  of  Hoover  energy  in  tho  last  few  months  of  tho 
.operating  year,  even  though  the  minimum  steam  generation  for  spinning 
reserve  will  be  greatly  increased  as  new  plants  are  constructed.  Tho 
completion  of  the  Owens  River  Gorge  plants  or  other  hydro  plants  will 
bring- the  problem  of  combining  the  output  of  those  plants  with  energy 
from  our  other  sources.  There .may  bo  sufficient  diversity  in  the  water 
supply  between  the  Mono-Owens  basin  and  the  Colorado  Rivor  basin  .to 
oaso  the  problem  of  integrating  Owens  Valley  and  Hoover  generation  in 
most  years.  "Vi th  extremely  wet  conditions  existing  simultaneously  in 
both  basins,  however,  absorption  of  all  the  energy  might  bo  quite  diffi¬ 
cult.  It  appears  that  strco.mflow  forecasting  will  still  be  of  groat 
importance  to  tho  Department,  even  with  a  much  larger  percentage  of 
total  energy  requirements  being  produced  by  steam  plants  than  at  present. 
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COMMENTS  ON  USE  OF  STATISTICAL  METHODS 
AND  OTHER  MATHEMATICAL  DEVICES  IN  STREAMFLOW  FORECASTING 

by 

Marvin  Diamond 
Office  of  River  Control 
Bureau  of  Reclamation,  Region  III 
Boulder  City,  Nevada 


The  first  estimates  of  future  streamflow  were  made  by  observers 
after  they  made  a  visual  inspection  of  the  snow  fields  and  then,  in  their 
own  minds,  correlated  depth  of  snow  with  runoff.  Eventually,  the  men 
interested  in  forecasting  streamflow  realized  that  depth  of  snow  did  not 
give  accurate  results  and  they  began  to  measure  the  water  content  of  the 
snow  and  made  graphical  charts  of  the  relationship  between  runoff  and 
water  content  of  snow.  While  graphical  charts  were  quite  successful 
for  their  purpose,  their  main  disadvantage  lies  in  the  fact  that  the 
same  data  did  not  yield  similar  results  for  different  investigators. 

This  led  other  investigators  to  use  mathematical  techniques  such  as 
statistics  in  determining  the  relationship  between  water  content  of 
snow  and  runoff.  Application  of  statistics  to  the  short  snow  survey 
records  introduced  another  problem  since  the  reliability  of  results 
obtained  by  statistical  methods  depends  to  a  great  extent  upon  the 
length  of  records  used.  This  problem  led  other  investigators  into  a 
search  for  other  variables  which  would  correlate  well  with  runoff  and 
have  a  long  record.  Such  a  variable  is  precipitation.  The  science  of 
streamflow  forecasting  has  now  developed  to  the  point  that  statistical 
techniques  are  used  very  extensively.  This  paper  has  been  prepared  to 
summarize  and  briefly  explain  the  processes  in  common  usage. 

In  the  development  of  any  streamflow  forecasting  method  it  is 
important  that  mathematical  techniques  be  used  which  will  eliminate  any 
personal  bias.  Forecast  methods  should  yield  the  same  results  regardless 
of  who  is  making  the  forecast  and  should  not  depend  on  the  experience  of 
the  forecaster.  All  of  the  available  years  of  record  should  be  used  and 
those  years  which  appear  to  be  abnormal  cannot  be  eliminated  from  the 
analysis  solely  because  of  that  feature.  Statistical  analysis  of  data 
provide  the  tools  upon  which  an  unbiased  analysis  of  data  can  be  based. 

In  studying  the  relationship  between  rainfall  or  snowfall,  hereafter 
referred  to  as  precipitation,  and  runoff,  our  ultimate  purpose  should  be 
to  arrive  at  an  equation  which  enables  us  to  forecast  runoff  from  either 
of  the  above  independent  variables.  Our  forecast  equation  may  be  a 
linear  equation  either  of  the  simple  type  Y  =  a  *  bX  or  of  the  multiple 
type  Y  =  a  +  bX  +  cXq  +  dX2  or  it  may  be  a  curvilinear  equation 
Y  =  a  +  bX  +  cX^,  The  type  of  final  equation  arrived  at  should  be  the 
one  which  forecasts  runoff  with  the  lowest  possible  error  of  the  estimate. 
The  discussion  in  this  paper  will  be  confined  to  linear  type  equations 
but  all  of  the  techniques  discussed  can  also  be  applied  to  curvilinear 
relationships. 
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Assuming  that  a  plotting  of  precipitation  against  runoff  on  a 
scatter  diagram  shows  a  relationship  between  the  two  variables,  we  then 
want  to  determine  the  following  properties  of  this  relationship: 

a.  The  degree  of  relationship  or  correlation  between 
the  two  variables  and  its  interpretation. 

b.  The  significance  of  the  correlation. 

c.  The  regression  or  forecast  equation. 

d.  The  error  of  the  estimate. 

Correlation 

The  degree  of  relationship  between  two  variables  may  be  determined 
statistically  by  computing  the  coefficient  of  linear  correlation  "r". 
This  computation  can  be  carried  out  using  the  following  formula: 


Z-J*  Y)  -  /Vr/'U)  (  A 1y  ) 

'j  ;/V  y*  js/fijf) 

X  -  Precipitation 
I  -  Runoff 
My  -  Mean  of  Y 
My  -  Mean  of  X 
N  -  No.  of  years  of  record 


Coefficients  of  correlation  usually  fall  somewhere  between  0  and 
♦  1  in  size.  After  the  absolute  value  of  "r"  has  been  computed  we  can 
see  how  much  it  will  help  us  in  making  our  forecast,  since  that  is  our 
ultimate  purpose,  by  use  of  the  following  equation  Sy/<r  —  V'T-T-'*” 
where  1  y  -  standard  error  of  the  estimate  of  the  regression  equation, 
Cjy  ~  standard  deviation  of  dependent  variable  or  runoff.  The  ratio 
Ss//ay  tells  us  whether  the  error  of  the  estimate,  when  we  use  the 
regression  equation,  is  relatively  large  or  small  as  compared  with  that 
which  we  get  if  we  did  not  use  it.  For  example  if  r  =  0.80  then 
Sy /tfy  =  Q.60  or  we  have  retained  60  percent  of  the  error  that  we  should 
have  had  by  simply  guessing  the  mean  each  year  or  conversely,  the  use 
of  the  regression  equation  had  reduced  the  error  of  guessing  40  percent. 
Figure  A  illustrates  how  the  ratio  of  /<fj  varies  with  values  of  "r"  . 

Significance  of  Correlation  Coefficient 

In  determining  the  correlation  between  precipitation  and  runoff, 
we  must  always  keep  in  mind  that  the  period  we  are  dealing  with  is 
simply  a  sample,  and  the  only  available  sample,  of  all  the  years  gone 
by  (called  the  universe). 

In  the  case  of  rainfall  and  runoff  records  on  the  upper  Colorado 
River  basin  we  are  dealing  with  the  period  1913-1948  and  the  36  years 
is  a  very  small  sample  of  the  hundreds  of  years  gone  by.  ■  In  the  case 
of  snow  survey  records  on  the  upper  Colorado  River  basin,  we  are  dealing 
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with  the  period  1936-1948,  this  period  covering  13- years  which  is  only 
one-third  the  size-  o'f  the  rainfall-runoff  period.  Regardless  of  the 
length  of  the  period  covered,  we  are  faced  with  the  problem  of  deter¬ 
mining  whether  the  value  of  "r"  secured  from  our  sample  is  significant 
of  a  real  relationship  between  the  variables  (precipitation  and  runoff) 
in  question  in  the  universe  from  which  the  sample  was  drawn. 

American  statisticians  commonly  use  as  a  test  of  significance  the 
arbitrary  rule  that  the  value  of  the  correlation  coefficient  must  equal 
or  exceed  its  standard  error  by  three  times.  If  the  correlation  coeffi¬ 
cient  of  the  sample  is  three  times  its  standard  error,  the  chances  are 
369  to  1  against  the  occurrence  of  such  a  correlation  by  pure  chance. 

The  standard  error  of  the  correlation  coefficient  can  be  computed  from 
the  following  equation  =r  /  —  4/77 z.  where  O^-  z  standard  error 

of  correlation  coefficient.  Ezekiel  (l)  states  that  this  equation  applies 
when  N  is  100  or  more  and  Mills  (2)  states  that  it  may  be  used  when  N  is 
50  or  more.  Fisher  (3)  has  devised  a  method  for  transforming  values  of 
"r"  to  values- of  2.  which  are  reliable  even  when  computed  from  small 
samples.  This  is  very  fortunate,  for  workers  in  the  streamflow  fore¬ 
casting  fields  are  usually  forced  to  compute  correlation  coefficients 
for  variables  with  less  than  35  years  of  record,  and  the  £  trans¬ 
formation  should  always  be  performed  to  check  the  true  significance 
of  any  correlation  coefficient  obtained. 

The  value  of  Z  corresponding  to  a  given  value  of  "r"  can  be 
determined  from  tables,  and  the  standard  error  of  .51  can  be  computed 
from  C'z  —  / /V/v-’y"  .  As  with  correlation  coefficients,  the  value  of 

must  equal  or  exceed  its  standard  error  by  three  times  to  be 
considered  significant  by  the  above  rule. 

While  we  have  mentioned  that  samples  with  less  than  50  or  100 
items  are  to  be  considered  as  small  samples,  it  should  be  remembered 
that  samples  with  40  items  are  more  reliable  than  samples  with  10 
items . 

The  Regression  or  Forecast  Equation 

If  a  significant  correlation  exists  between  precipitation  and 
runoff  in  the  sample  then  the  points  of  the  two  variables  when  plotted 
graphically  on  a  scatter  diagram,  will  follow  a  definite  line  of 
movement  of  "path."  The  trend  or  direction  of  this  movement  may  be 
defined  by  a  "least  squares"  line.  A  straight  line  fitted  by  the 

(1)  Mordecia  Ezekiel,  "Methods  of  Correlation  Analysis" 

John  Wiley  and  Sons,  Inc.,  New  York,  1941* 

(2)  F.  C.  Mills,  "Statistical  Methods  Applied  to  Economics  and  Business" 

Henry  Holt  and  Company,  New  York,  1938. 

(3)  R.  A.  Fisher,  "Statistical  Methods  for  Research  Workers" 

Oliver  and  Boyd,  Edinburgh,  1938. 
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method  of  least  squares  is  more  likely  to  be  right  than  any  other 
straight  line.  However,  if  the  basic  trend  is  not  linear  then  the 
straight  line  fitted  by  this  method  will  not  be  the  correct  line. 

Every  straight  line  has  the  general  form  Y  =  a  +  bX.  The  values 
of  "a"  and  "b"  for  the  line  which  fits  best  (the  least  square  line)  can 
be  determined  by  solving,  simultaneously,  the  following  two  equations: 

-f-  -c  $3  jcy 

where  N  =  number  of. years  of  record. 


The  Error  of  the  Estimate 


The  regression  equation  is  used  to  estimate  a  theoretical  value  of 
Y  for  a  given  value  of  X.  If  the  relationship  is  not  perfect  ( r  *+•  /O 
the  actual  value  will  not  coincide  with  the  theoretical  values,  because 
of  the  scatter  or  variation  about  the  least  square  line.  If  the  scatter 
is  definitely  measured  the  variation  may  be  allowed  for  and  a  range 
established  within  which  a  definite  percent  of  values  will  fall.  The 


measure  used  for  this  purpose  is  called  the  standard  error  of  the 
estimate,  and  can  be  computed  from  the  following  formula: 

V  ,CA— .//_  r3!^ 

/  gv-/V/  ‘  _j 


V  - 


AT 


Sy  -  Standard  error  of  estimate 
C'/~  Standard  deviation  of  Y 
N  -  Humber  of  items 

M  -  Humber  of  constants  in  equation  (2  for  the 
equation  Y  =  a  +  bX) 


ihe  significance  of  the  standard  error,  Sy  has  been  brought  out 
graphically  on  Figure  A. 


A  least  square  line  has  been  drawn  through  the  points  on  Figure  B 
and  what  may  be  called  zones  of  estimates  have  been  marked  out  about 
this  line. 

If  the  distribution  is  normal,  68  percent  of  all  the  points  should 
fall  within  the  zone  having  a  width  equal  to  2Sy  or  +  Sy.  Actually  on 
the  chart  24  points  of  67  percent  of  the  points  are  within  the  zone. 

On  the  same  assumption  99.7  percent  of  all  the  points  should  fall  within 
the  zone  having  a  width  equal  to  6  Sy  or  t  3  Sy.  Actually  on  the  chart, 
all  of  the  points  or  100  percent  are  within  this  zone.  Also  90  percent 

°f- all  the  points  should  fall  within  the  zone  having  a  width  equal  to 

3.28  Sy  or  +  I.64  Sy,  and  on  the  chart  33  points  or  92  percent  of  the 

points  are  within  this  zone.  It  can  be  seen  then  that  the  observed 

percentage  of  points  within  any  zone  agree  closely  with  the  computed 
percentage  and  hence  our  distribution  is  about  normal. 

The  above  simply  means  that  if  +  Sy  is  used  for  forecasting  purposes; 
one  can  expect,  on  the  average,  that  in  the  future  in  68  percent  of  the 
cases,  the  actual  value  will  fall  within  the  range  of  the  forecasted 
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value  +  Sy.  If  +  3  Sy  is  used,  then  in  the  future  in  99.7  percent  of 
the  cases,  the  actual  values  will  fall  within  the  range  of  the  fore¬ 
casted  value  +  3  Sy. 

Use  of  one  standard  error  does  not  give  enough  protection  to  the 
user  of  the  runoff  forecast  because,  on  the  average,  one  time  out  of 
three,  the  actual  value  will  fall  outside  of  the  range.  The  use  of 
three  standard  errors,  while  guaranteeing  the  user  that  the  actual 
value  will  fall  within  its  range  997  times  out  of  1000,  is  too  large  a 
range.  For  example,  in  the  above  chart  3  Sy  is  5,6  fil.a.f.  and  the 
range  of  any  forecast  would  be  11.2  m.a.f.  The  Office  of  River  Control 
has  decided  on  a  range  of  nine  out  of  ten  and  use  of  a  standard  error 
of  1.69  Sy  for  34  degrees  of  freedom  will  yield  such  a  range. 

Multiple  Correlation 

Up  to  now  we  have  concerned  ourselves  with  problems  involving 
only  two  variables,  a  dependent  variable  such  as  runoff  and  a  single  - 
independent  variable  such  as  precipitation.  But  it  is  obvious  that, 
in  general,  runoff  is  affected  by  more  than  one  factor,  and  may  be 
due  to  the  interaction  of  many  forces  such  as  temperature,  soil 
moisture,  antecedent  precipitation,  and  other  factors.  The  measurement 
of  the  relationship  between  a  dependent  variable  and  two  or  more 
independent  variables  is  known  as  multiple  correlation  and  the 
coefficient  of  multiple  correlation  is  designated  by  R.  The  estimating 
or  regression  equation  in  the  case  where  there  is  a  single  dependent 
variable  and  three  independent  variables  will  be  of  the  form 

Y  =  a  +  bXq  +  cXq  +  dX3 

Where  Y  -  runoff 

Xq  -  precipitation 

X2  ~  temperature 

X3  -  antecedent  precipitation 

The  method  of  least  squares  affords  the  means  of  solving  for  the 
required  constants.  The  coefficients  of  Xq,  Xq,  and  X3,  indicate  the 
net  relationship  between  the  dependent  and  an  independent  variable, 
allov/ing  for  the  other  factors  or  variables  which  are  also  considered 
in  the  equation. 

A  multiple  correlation  between  runoff  and-  all  the  factors 
influencing  it  such  as  temperature,  antecedent  precipitation,  prior 
runoff,  soil  moisture  and  carry  over  effect,  may  not  necessarily  raise 
the  value  of  the  correlation  coefficient  from  that  obtained  by  a  simple 
correlation  between  runoff  and  precipitation.  This  may  be  due  to  the 
fact  that  -while-  we  have  tried  to  include  all  of  the  factors  causing 
runoff  in  our  correlation,  we  have  not  selected  the  proper  sample  of 
each  variable.  For  example,  for  the  temperature  variable,  we  may  use 
the  average  winter  temperature  (Dec.  through  Feb.)  of  five  stations  in 
the  basin.  Maybe  those  five  stations  do  not  yield  the  winter  temperature 
related  to  runoff,  or  the  winter  period  selected  is  not  related  to 
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spring  runoff.  It  can  be  seen  that  if  we  are  to  obtain  an  improved 
correlation  coefficient  from  a  multiple  correlation  we  must  continually 
search  for  the  proper  combination  of  variables  and  select  the  correct 
sample  of  each  variable. 

One  disadvantage  of  multiple  correlations  is  the  loss  of  "degrees 
of  freedom."  Degrees  of  freedom  may  be  defined  as  the  number  of 
observations  minus  the  number  of  constants  determined.  In  the  case  of 
a  simple  linear  correlation  the  degrees  of  freedom  is  equal  to  the 
number  of  observations  minus  two. 

The  standard  error  of  the  estimate  may  be  computed  from  the 
following  equation  Sy  =  '  •  y L / ft ~ M (>-h z}~ 4whe re  N-M  equal  the  degrees 
of  freedom.  It  can  be  seen  that  an  increased  value  of  the  correlation 
coefficient  due  to  an  increase  in  the  number  of  independent  variables 
may  not  necessarily  decrease  the  value  of  the  error  of  the  estimate 
because  of  a  loss  in  degree  of  freedom.  This  is  especially  so  where  the 
number  of  items  (N)  is  small  and  can  be  illustrated  in  the  following 
example:  Let  us  assume  Y  to  be  the  same  dependent  variable  in  a  simple 
and  multiple  correlation  and  hence  will  be  the  same.  If  we  let  the 
correlation  coefficient  (r)  of  the  simple  correlation  be  0.80  and 
N  =  15,  then  Sy  =  O.64  'fy  for  the  simple  correlation.  Now  if  we 
increase  the  number  of  independent  variables  from  two  to  four,  the 
value  of  R  needed  for  the  multiple  correlation  to  yield  a  like  value 
for  Sy  is  O.84.  If  N  =  50  and  r  =  0.80  then  for  the  simple  correlation 
Sy  -  0,612  'V  and  the  value  of  R  needed  for  the  multiple  correlation 
to  yield  a  like  value  for  Sy  is  0.809.  It  is  to  be  noted  from  Figure  A 
that  after  "r"  reaches  a  value  of  about  0.80,  small  increases  in  its 
value  produce  a  decided  reduction  in  the  ratio  of  Sy/ € y  .  Hence  any 
valid  adjustment  of  the  data  which  will  increase  the  value  of  "r" 
above  0.80  is  worthwhile. 

Tests  of  the  significance  of  differences 

It  has  been  shown  that  the  significance  of  a  correlation  coefficient 
may  be  tested  by  determining  its  standard  error  or  by  performing  the  Z- 
transformation.  Another  problem  which  frequently  arises  in  streamflow 
forecasting  is  the  determination  of  the  significance  of  a  change  in  the 
value  of  a  correlation  coefficient.  For  example  if  one  group  of  years 
yields  an  rq  of  0.80  and  another  group  of  years  yields  an  ?2  0 f  0.85  it 
is  important  to  know  whether  this  increase  in  the  value  of  11  r"  is  due 
to  chance  or  actually  to  an  improved  relationship  between  the  variables. 

To  determine  t  3  significance  of  the  difference  between  two  values 
of  one  converts  the  values  of  rq  and  T2  to  Z ,  andZ^q  and  also  computes 
the  values  of  and  ■ .  Then  the  standard  error  of  the  difference 
of  "r"  is  computed  from  the  following  equation  -  Z If* 
the  difference  between  the  value  of  2,  and  Z  1  is  three  times  the  value 
°f  '&Z 7*  difference  between  the  values  of  "r"  can  be  considered 

as  significant. 

It  should  be  pointed  out  that  the  above  test  for  the  significance 
of  a  change  in  "r"  may  yield  misleading  results  when  one  is  trying  to 
improve  the  value  of  "r"  in  a  sample  by  the  addition  of  more  variables 
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or  by  manipulation  of  the  data.  For  example,  let  us  assume  that  the 
correlation  coefficient  between  precipitation  and  streamflow  in  a 
particular  sample  is  0.85.  If  the  standard  deviation  O' y  of  the 
streamflow  variable  is  3.000  and  the  number  of  items  is  N  =  25  then 
the  standard  error  of  the  estimate  Sy  =  1.65. 

Wow  if  the  correlation  coefficient  of  this  sample  could  be 
increased  to  0.90  and  03  -  3.000  and  N  =  25,  then  Sy  -  1.39.  let 

according  to  the  above  test  of  significance  the  change  in  "r11  from 
0.85  to  0.90  would  not  be  considered  significant. 

However  the  relationship  yielding  the  improved  value  of  "r"  would 
be  used  even  though  the  change  in  the  value  of  ur"  would  not  satisfy 
the  statistical  test  of  significance.  One  argument  for  adopting  the 
second  method  would  be  that  it  had  equal  chance  of  being  right  as  the 
first  method,  and  should  not  be  penalized  merely  because  it  did  not 
receive  the  first  trial. 

Double  Mass  Diagrams 

The  double  mass  diagram  has  been  found  to  be  a  useful  device  in  the 
detection  of  inconsistencies  in  both  streamflow  and  precipitation  records. 
The  diagram  is  constructed  by  the  plotting  accumulatively  of  one  set  of 
data  against  another.  In  studying  streamflow  records,  one  first  deter¬ 
mines  the  correlation  between  rainfall  and  runoff.  From  this  correlation 
it  is  possible  to  convert  from  actual  rainfall  to  the  runoff  that  the 
actual  rain  would  have  been  expected  to  produce.  This  expected  runoff 
may  then  be  treated  as  though  it  were  real  and  may  be  compared  with  the 
observed  runoff  by  accumulation  and  plotting  against  accumulated  actual 
runoff. 

Some  investigators  use  the  technique  of  plotting  the  accumulated 
precipitation  pattern  for  a  basin  against  the  accumulated  runoff.  There 
are  a  few  disadvantages  to  this  particular  technique,  namely: 

(a)  Misleading  results  will  be  obtained  if  a  non-linear 
relationship  exists  between  precipitation  and  runoff. 

(b)  Breaks  are  sometimes  obtained  in  double  mass  curves  of 
this  type  because  the  relationship  between  runoff  and  precipitation 
is  not  a  simple  ratio. 

These  breaks  may  be  eliminated  by  first  plotting  runoff  against 
precipitation  and  then  fitting  a  curve  to  the  data.  The  intercept  on 
the  precipitation  axis  is  then  subtracted  from  each  value  of 
precipitation  and  the  break  in  the  double  mass  curve  will  disappear  if 
it  was  originally  due  to  the  fact  that  the  original  relationship  was 
not  a  simple  ratio. 

The  double  mass  curve  which  results  from  a  plotting  of  accumulated 
computed  runoff  against  accumulated  observed  runoff  will  be  straight 
unless  one  of  the  following  conditions  has  occurred  which  may  cause  a 
bend  in  the  curve: 


(a)  There  has  been  a  change  in  the  location  of  the 
strearnflow  measuring  device. 

(b)  The  type  of  strearnflow  measuring  device  has  been 
changed  from  a  staff  gage  to  a  continuous  water  stage  recorder. 

(c)  The  observed  strearnflow  record  is  partly  estimated. 

(d)  There  are  a  succession  of  years  in  which  the  expected 
runoff  is  more  than  the  observed  runoff  and  then  a  succession  of 
years  which  the  expected  runoff  is  less  than  the  observed  runoff 
Breaks  due  to  such  a  condition  are  fictitious.  This  condition 
was  encountered  in  a  study  of  the  Colorado  River  at  Lees  Ferry. 
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YfATER  PROBLEMS  ON  INTERNATIONAL  STREAMS 

by 

Charles  D.  Curran,  Chief  Engineer 
Office  of  River  Control,  International  Boundary  Commission 


When  your  program  chairman,  Mr.  Stockwell,  invited  a  representative 
of  the  United  States  Section,  International  Boundary  and  Water  Commission, 
United  States  and  Mexico,  to  speak  before  this  meeting  on  the  subject 
of  needs  for  runoff  forecasts  on  international  streams,  our  immediate 
reaction  was  that  the  needs  for  forecasts  on  international  streams  were 
essentially  no  different  than  the  needs  for  forecasts  on  other  streams. 

It  was,  of' course,  obvious  that  your  interest  was  in  learning  something 
about  the  particular  problems  confronting  our  agency.  I  hope  that  in 
these  remarks  I  shall  be  able  to  show  you  briefly  our  principal  concern 
with  forecasts  of  river  discharge. 

Before  going  further,  let  me  convey  to  your  program  chairman  and 
to  the  entire  assemblage  that  Commissioner  Lawson  extends  his  greetings 
and  regrets  that  commitments  involving  the  joint  work  with  Mexico, 
under  the  Water  Treaty  of  1944?  prevent  his  being  present  today.  I  am  ■ 
privileged  to  represent  our  organization  and  know  that  in  being  permitted 
to  attend  this  meeting  I  will  be  able  to  learn  something  more  of  your 
problems  and  the  techniques  used  in  solving  them. 

The  International  Boundary  and  Water  Commission,  United  States  and 
Mexico,  is  concerned  with  the  flow  of  three  principal  streams:  the  Rio 
Grande,  the  Colorado  River,  and  the  Tijuana  River.  The  Water  Treaty 
of  1944  between  the  United  States  and  Mexico  is  concerned  with  these' 
three  streams.  There  are  other  rivers  crossing  the  border,  principally 
in  Arizona,  involving  some  international  problems.  To  avoid  unnecessary 
detail,  I  am  omitting  any  comment  on  these  minor  streams.  As  a  matter 
of  fact,,  I  think  I  can  dismiss  the  Tijuana  River,  for  the  purposes  of 
this  meeting,  with  the  comment  that  the  Water  Treaty  of  1944  provides 
that  the  Commission  shall  study  and  investigate  and  shall  submit  to  the 
two  governments,  for  their  approval,  recommendations  for  the  equitable 
distribution  between  the  two  countries  of  the  waters  of  the  Tijuana 
River  system,  including  plans  for  the  control,  development,  and  utiliza¬ 
tion  of  these  waters.  This  study  is  presently  under  way  and  the  United 
States  portion  is  being  carried  forward  under  the  supervision  of  -our 
San  Diego  office.  For  the  time  being,  we  are  trying  to  ascertain  what 
past  flows  have  been  and  what  the  various  tributaries  have  yielded.  As 
yet  we  have ;  no  'need  for  forecasts  on  this  river. 

The  Water  Treaty  allocates  to  Mexico  1,500,000  acre-feet  of  the 
water  of  the  Colorado  River  as  a  guaranteed  minimum  except  In  the  event 
of  extraordinary  drought  or  serious  accident  to  the  irrigation  system 
in  the  United  States.  'Under  the  Treaty,  with  one  exception,  all  waters 
allotted  to  Mexico  are  to  be  delivered  wherever  they  may  arrive  in  the 
bed  of  the  international  section  of  the  Colorado  River.  As  you  know, 
the  international  reach  of- the  Colorado  River  extends  for  twenty  miles 
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between  Arizona  and  Mexico,  south  from  the  California  border  to  the 
southern  border  of  Arizona.  The  exception  as  to  the  location  of 
delivery  of  water  is  through  the  All-American  Canal  and  through  the 
Alamo  Canal  or  such  other  Mexican  canal  as  may  be  substituted  for  it. 

The  Treaty  also  provides  for  the  construction,  by  Mexico,  of  a 
diversion  dam  south  of  the  California  border.  This  structure,  named 
the  Morelos  Dam,  is  now  being  built  about  a  mile  below  the  California 
border,  near  the  Mexican  community  of  Andrade. 

The  Water  Treaty  provides  that  the  two  nations,  working  through 
their  Sections  of  the  Commission,  will  devise  plans  for  the  control  of 
floods  on  the  portion  of  the  river  downstream  from  Imperial  Dam.  A 
study  to  this  end  is  now  under  way  with  the  United  States  Section 
having  primary  responsibility  for  the  international  portion  of  the 
stream  and  the  Mexican  Section  being  primarily  responsible  for  the 
reach  extending  south  of  the  Arizona  boundary  to  the  Gulf. 

Under  these  responsibilities,  it  appears  that  three  types  of 
estimates  of  flow  of  the  Colorado  River  are  needed  by  the  International 
Boundary  and  Water  Commission.  First,  in  connection  with  the  design  of 
flood  control  works,  it  will  need  to  know  what  the  maximum  expected 
peak  discharge  below  Imperial  Dam  will  be.  This  figure  will  presumably 
be  based  upon  estimates  of  the  Bureau  of  Reclamation  on  the  basis  of 
its  control  of  the  Colorado  River  as  affected  by  the  Gila  River  upon 
which  flood  control  works  are  currently  under  consideration  by  the 
Corps  of  Engineers.  Secondly,  forecasts  will  be  needed  in  the  nature 
of  flood  warnings  to  advise  when  any  irregular  flow  is  expected  so 
that  necessary  steps  may  be  taken  properly  to  operate  and  safeguard 
the  diversion  dam,  diversion  works,  and  the  downstream  portion  of  the 
river  together  with  its  protective  works.  Finally,  it  will  be  necessary 
to  know  early  each  season  the  quantity  it  will  be  feasible  to  deliver 
to  Mexico,  under  the  Water  Treaty.  This  is  necessary,  particularly 
as  Mexico's  demands  approach  the  maximum  of  the  allotment,  so  that 
that  nation  can  plan  a  schedule  for  deliveries  to  its  several  diversion 
points.  When  Davis  Dam  is  completed,  it  is  expected  that  principal 
control  of  deliveries  to  Mexico  will  be  effected  through  that  structure. 

Basically,  the  situation  on  the  Rio  Grande  is  essentially  the  same; 
details,  of  course,  vary.  Under  the  Convention  of  1906,  between  the  two 
nations,  60,000  acre-feet  of  Rio  Grande  water  is  allotted  to  Mexico  at 
Juarez.  In  the  event  of  extreme  drought,  this  quantity  is  to  be  reduced 
in  the  same  proportion  as  is  the  allotment  of  water  to  the  Bureau  of 
Reclamation  Rio  Grande  Federal  Project.  The  control  of  this  delivery 
is  effected  primarily  by. Elephant  Butte  and  Caballo  Dams.  The  American 
Dam  at  El  Paso,  under  the  jurisdiction  of  the  International  Boundary 
and  Water  Commission,  diverts  to  a  canal  iirater  for  the  Reclamation 
project  and  releases  to  the  Rio  Grande  channel  flows  for  delivery  to 
Mexico.  These  latter,  in  turn,  are  diverted  to  Mexico  at  an  inter¬ 
national  dam  a  short  distance  further  downstream.  In  this  upstream 
portion  of  the  international  reach  of  the  river,  between  El  Paso  and 
Fort  Quitman,  we  are  also  interested  in  forecasts  of  floods  so  that 
necessary  warnings  can  be  made  and  precautions  taken. 
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At  Fort  Quitman  the  river,  for  all  practical  purposes,  plays  out. 

A  large  volume  of  the  flow  has  been  consumed  in  irrigation;  return  flow 
is  relatively  small,  and  has  a  rather  high  content  of  dissolved  salts. 
The  stream  is,  in  effect,  revived  near  Fresidio  where  the  Conchos  River 
enters  from  Mexico.  Continuing  downstream,  the  Pecos  and  Devils  River 
join  from  the  United  States  side,  followed  by  several  small  streams; 
then  approaching  the  delta  area,  Rio  Escondido,  Rio  Salado,  Rio  Alamo 
and  Rio  San  Juan  enter  from  Mexico. 

Under  provisions  of  the  Water  Treaty  of  1944?  all  the  flow  from 
certain  United  States  tributaries,  one-third  of  that  from  certain 
Mexican  tributaries,  and  one -half  of  the  remainder  in  the  river  is 
allotted  to  the  United  States;  the  balance  is  allotted  to  Mexico. 

Control  works  provided  for  by  the  treaty  consist  of  a  storage  dam  at 
Falcon,  one  near  the  Big  Bend  region,  and  possibly  one  between  the  two. 
At  least  one  diversion  dam  will  be  built  under  authority  of  the  Treaty. 
We  are  here  faced  once  again  with  a  typical  flood  warning  forecast 
problem  and  to  some  extent  a  yield  forecast  problem.  More  important, 
however,  in  the  international  operation  of  the  structures  will  probably 
be  the  water  accounting  problem  to  determine  the  ownership  of  waters  in 
the  river  and  in  the  reservoirs.  Since  the  ownership  of  waters  in  the 
reservoir  will  vary,  dependent  upon  the  contributions  of  the  various 
tributaries,  a  calculation  of  some  complication  is  involved.  Then, 
because  we  cannot  expect  that  the  two  nations  will  consistently  withdraw? 
their  water  from  storage  at  the  same  rate,  determining  the  ownership  at 
any  particular  time  will  involve  further  calculations  which  must  be  made 
to  the  satisfaction  of  each  of  the  two  countries. 

A  continuing  reporting  system  will  be  necessary  so  that  water  users 
will  have  an  estimate  of  the  amounts  available  to  them  in  the  periods 
in  the  immediate  future,  as  well  as  the  more  precise  amounts  of  use  and 
status  of  actual  flows . 

This  covers  briefly  the  major  interests  of  the  International 
Boundary  and  Water  Commission  in  forecasts  of  discharge  on  the  Colorado 
River  and  on  the  Rio  Grande.  Naturally,  in  the  time  allotted,  I  have 
made  no  attempt  to  give  details  of  the  various  continuing  problems 
with  which  we  are  faced.  Rather,  I  have  directed  these  remarks  to  the 
specific  forecasting  aspects  of  our  problems.  I  will  be  glad  to  answer 
any  questions,  to  the  extent  I  am  able  and  within  the  limits  permitted 
by  the  chair,  in  the  period  sot  for  discussion  of  this  subject. 
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